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GUEST EDITORIAL 


Martin Cooper 

Putting the User Forst 



The customer sees, 
hears, feels, and 
ultimately judges, 
a system by its 
user interface 


Readers of British Telecommunica¬ 
tions Engineering will be familiar 
with developments in semiconduc¬ 
tors, optics, radio, satellites and 
networks that are sweeping away the 
limitations of restricted bandwidth, 
distance, processing power and 
memory. Tblecommunications and IT 
are advancing at an exponential rate 
and we might expect our customers to 
welcome the benefits of advanced 
services—better quality of life, 
reduced environmental impact, better 
international cooperation and lower 
costs. However, a barrier stands 
between these customers and the 
benefits of technology—the user 
interface. 

Almost everyone has met an 
unfriendly system interface at some 
time: the video cassette recorder with 
obscure operating procedures, a 
computer with unfathomable com¬ 
mand sequences to log the user off- 
even a simple device like an overhead 
projector can prove to be a challenge 
for a presenter under stress! The user 
interface of many services is the 
service from the customers’ point of 
view. No matter how powerful or 
elegant the underlying technology, it 
remains just that—underlying—for 
all but the technophile. The customer 
sees, hears, feels, and ultimately 
judges, a system by its user interface. 
Ease of access and operation encour¬ 
ages a high level of usage. In a 
competitive situation, user friendli¬ 
ness can be the critical factor judged 
by the user in the selection of a 
supplier. 

In round terms, information 
processing technology doubles in 
power each year. The abilities of 
people who use systems are not 
increasing anywhere near as fast—it 
takes millions of years for a similar 
doubling of our biological abilities. We 
are effectively rooted in the biological 
past, while acquired skills are 
stimulated and developed by new 


experiences, new tools. Tbchnology 
can support learning and change the 
way we think, but only if we can 
understand and use it. If we do not 
harness the power of technology to 
make it more accessible to people, we 
risk leaving many behind—as non- 
participants in the future world of 
telecommunications—or as customers 
of competitors who do match the 
technology to users’ needs and 
abilities. 

It is misleading to think of the 
user interface as a thin layer, spread 
on top of a system. We cannot paste 
on user friendliness at the last 
minute to mask shortcomings in 
system design any more than a coat 
of paint can overcome the difficulties 
caused by a badly designed building. 
Only by involving users throughout 
the development of a new system can 
we be sure of identifying and satisfy¬ 
ing their needs, lb succeed, we must 
master the science and art of provid¬ 
ing systems that people can use with 
the minimum of training, that are 
easy to use, that help users achieve 
their goals without undue effort. 
Many of the people responsible for 
commissioning, developing, delivering 
and selling BT systems have recog¬ 
nised the importance of these issues. 
The series of articles beginning in 
this issue of the Journal on the 
Human Factors theme will survey the 
field, describe techniques for identify¬ 
ing user needs, designing and 
prototyping user interfaces, evaluat¬ 
ing usability and the application of 
these methods to telecommunications 
engineering. I hope that they raise 
your awareness of human factors, 
demystfying the theory and practice 
of matching systems to people and 
convince you of the vital importance 
of putting the user first. 

Martin Cooper 

Head of Human Factors, 

BT Development and Procurement 
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HUMAN FACTORS 


Martin Cooper 


Human Factors in 
Telecommunications 
Engineering 


Telecommunications 
systems only succeed if 
people can use them 
easily to achieve their 
objectives. Theoretical 
findings habe. limited 
value as guidelines for 
usable system design and 
so a design process that 
involves users is required 
to fill the gaps. This 
article reviews the 
contribution that human 
factors knowledge and 
processes can make to the 
development of successful 
telecommunications 
systems. 


Introduction 

Telecommunications services gener¬ 
ate sustained streams of revenue if, 
and only if, they enable their end 
users to achieve their goals. Increases 
in the raw power of technology 
increase the scope not only for 
delivering services that amplify 
human capabilities, but also for 
confusing users with obscure behav¬ 
iour or complex user interfaces. 
Centuries of study have provided 
information on human capabilities 
and limitations. However, the 
complexities of people make it 
impossible to predict anything other 
than their basic performance as users 
of technology. In consequence, we 
cannot yet guarantee a usable 
system—first time, every time— 
without applying empirical methods 
that involve the user. Keeping the 
user firmly in mind throughout the 
development life cycle eliminates the 
causes of user difficulty and allows us 
to provide systems and services that 
people can, and will, use—repeatedly. 

People do not want telecommuni¬ 
cations services! They want to 
maintain relationships with distant 
friends and relations, to locate and 
understand information, order goods, 
strike deals, and much, much more. 
Telecommunications helps them 
achieve their goals, but very few 
people use telecommunications 
services as an end in itself. The aim 
must be to provide services that 
support human goals without getting 
in the way, to transparently amplify 
and extend human capabilities across 
the planet. People must be able to get 


the best from telecommunications 
services without years of technical 
study or weeks of training. Some 
customers will not even look at the 
instruction book before trying to 
operate the products and services and 
will reject them if this is not possi¬ 
ble—especially if a competing product 
is easy to use. 

Understanding People 

We enter the world with certain basic 
abilities that unfold with time. These 
innate abilities to act, see, hear, 
think, and so on are modified by 
experience. We learn to interpret 
sights and sounds, to plan and act to 
achieve our goals. System designers 
can build on these skills to help users 
navigate around and interact with 
the worlds of information and 
communication services. We learn the 
arts of conversation, asking and 
answering questions, explaining what 
we mean and what we want through 
years of experience, observation, 
guidance and practice. The conven¬ 
tions of conversation, negotiation and 
delegation can also inspire telecom¬ 
munication systems design. 

Of course, the world has been 
shaped and changed by people and 
their tools over millions of years, and 
the pace of change is accelerating. 
Consider the portable telephone, the 
pocket calculator, the fax machine. 
Tbchnology that once seemed strange 
and difficult is now more widespread 
and used easily by many people— 
especially the younger generation. 

Our skills are changing in response to 
these new tools, which in turn change 
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Figure 1—Anthropometric model 


the tasks we attempt and the tools we 
need. This cycle continues as technol¬ 
ogy and its use evolve. There is never 
a single, all-time solution to a human 
need—only a solution that is right in 
a particular set of circumstances. The 
first step to finding the solution is an 
understanding of people—their 
physical, psychological and social 
characteristics. 

Physical dimensions 

Numerous studies have charted the 
size and shape of men, women and 
children from a wide range of ethnic 
backgrounds. For example, a recent 
anthropometric database 1 contains 
the distribution of over 200 dimen¬ 
sions of four major population groups 
and several age ranges (see Figure 1). 
This data is valuable for guiding the 
physical design of control panels, 
products, enclosures, furniture and so 
on. 

Perception 

All the human senses have been 
explored, mapped and documented. 
Studies on the basic sensitivity and 
discrimination of the senses provide 
baseline data to ensure that people 
will be able to detect the output of a 
system and distinguish its features. 
Models of the various perceptual 
systems can be used to predict human 
performance. For example, one study 2 
has shown that people interpret 


colour codes for an ordered series of 
values with fewer errors if the colours 
consist of a series of mixtures of two 
colours. Codes that include a third 
hue are less easy to interpret. 

Memory 

Information is held in a limited- 
capacity working memory before 
being transferred into long-term 
storage. Many models of memory 
have been proposed that deal with 
the amount of information that can 
be stored, its decay with time and 
how this is affected by rehearsal and 
interference, coding schemes, 
association and retrieval mecha¬ 
nisms. Figure 2 shows the recall of 
lists 24 hours after they were 
memorised, as a function of the 
number of total lists learned. The 


previously learned material inter¬ 
feres with later learning—confirma¬ 
tion that it is difficult to teach an old 
dog new tricks. 

Motor skills 

Psychologists have extensively studied 
perceptual-motor skills. One series of 
experiments focused on repeatedly 
moving the hand from a starting 
position to a target. This culminated in 
the formulation of Fitts's law 3 that 
relates the time per movement, T, to a 
relationship between the distance, D, 
to the target and its size, S. Welford 4 
developed a more accurate variant of 
the law (see Figure 3): 

T = / M log 2 (D/S + 0-5), 
where J M is a constant. 


Figure 2—Interference of previously learned material with 

later learning Figure 3 — Welford's variant of Fitts's law 
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Figure 4—The power law of practice Figure 5 — Hick's law of choice reaction time 


These findings can predict the 
effect of the layout and size of 
controls on operating times. 

The adage that practice makes 
perfect has been confirmed by studies 
of perceptual-motor learning. This led 
to the establishment of the power law 
of practice* —that the time T to 
perform a task on the nth occasion 
follows a power law: 

T = T.rr *, 

n 1 ’ 

where T x is the time to perform the 
task on the first trial and a is a 
constant. 

Figure 4 shows the result of 
applying this law to the improvement 
of reaction time with practice on a 
task in which subjects pressed 
combinations of ten keys in response 
to patterns of lights directly above the 
keys. 

Simple decision making 

If a user has to choose between 
several responses, the time taken to 
make the decision increases with 
the number of choices (see Fig¬ 
ure 5). 

The time T taken to respond is 
approximately proportional to the 
entropy of the decision, that is: 

T = / c log 2 (n + 1), 

where I c is a constant. 

This relationship, known as Hick's 
law 6 , predicts the effects of varying 
numbers of alternatives or probabili¬ 
ties in simple reaction-time situations 
such as responding to visual or 
acoustic signals. 


Social psychology 

Social psychologists study the 
behaviour of people interacting with 
other people. This is considerably 
more complicated than interacting 
with the physical world owing to the 
rich complexity of human relation¬ 
ships. Tbpics include how people 
perceive the causes of the behaviour 
of others and of themselves, of social 
behaviour patterns and stereotypes, 
the processes involved in forming an 
impression of another person, of 
influencing others and of group 
decision-making. In view of the role of 
telecommunications as a vehicle for 
interaction, it is not surprising that 
social psychology has much to say of 
interest to the telecommunications 
engineer. For example, the impor¬ 
tance of patterns of gaze to communi¬ 
cations, persuasion, deception and 

Figure 6 — Through-the-screen videophone 


perceived character have implications 
for videophone design. Figure 6 shows 
a prototype videophone in which a 
camera effectively looks directly at 
the caller and eliminates the ‘averted 
eyes’ effect caused by a displaced 
camera angle. 

People are difficult to 
understand 

People are very difficult to model. 

Tfens of billions of heterogeneous, 
parallel, statistical processing 
elements in the human brain are 
programmed by gigabits of stored 
information interacting with a 
similarly huge amount of input data 
coming from the senses every second. 
Both remembered and incoming data 
are different in some ways for each 
individual. Human interaction by 
means of telecommunications is 
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Understanding the situation in which they will be used forms 
the basis for designing usable systems 


further complicated by social factors 
and the effects of the telecommunica¬ 
tions technology itself. The result is a 
chaotic, complex, unpredictable, non¬ 
linear system. An integrated model of 
this system that could guide the 
design of a telecommunications 
service, system or product would be 
invaluable, but is not yet available. In 
the interim, we have to rely on the 
qualitative results of social psychol¬ 
ogy and the low-level findings of the 
sort outlined above, refined by means 
of empirical usability engineering— 
which is described below. 

Techniques to Develop 
Usable Systems 


of the world is translated into the 
objects, behaviours, interaction and 
dialogues. Storyboards sketch out the 
steps in each transaction and commu¬ 
nicate the evolving design to team 
members and representatives of the 
user population. Consistency is an 
important consideration. When users 
encounter systems that do similar 
tasks or are used in proximity, their 
experience with one system either 
helps or hinders their use of the 
others. Systems are coupled by their 
common users and this must be 
considered during their design. The 
application of common design 
principles and agreed common 


elements (such as welcome screens) 
minimises inconsistencies between 
systems. 

Usability evaluation 

Each step of the process, from the 
establishment of the context of use, to 
the delivery of the final system, 
benefits from usability evaluation. 
Available techniques include cogni¬ 
tive walk-throughs, heuristic evalua¬ 
tion, laboratory tests with users (see 
Figure 8) and field testing. All 
evaluations need to be carefully 
designed to extract useful information 
with the least cost. Tfests can be 
conducted on paper specifications, 


Figure 7—Human factors in the development process 


Analysing the content of use 

Understanding the situation in which 
they will be used forms the basis for 
designing usable systems (see 
Figure 7). The three key aspects are 
the users, their tasks and their 
environment. User characteristics 
help define the requirements of the 
system. The physical, psychological 
and social environment imply 
physical, information content, 
presentation and communications 
requirements for the system. Estab¬ 
lishing a rich picture of who will use 
the system, what their objectives will 
be when they use it and the environ¬ 
ment in which it will be used pays off 
many times during the later stages of 
development. A set of usability 
requirements, in terms of the target 
performance and the opinion of 
particular types of people completing 
specified tasks in typical environ¬ 
ments, can be derived from the 
analysis for use later in validation 
and testing. 

User interface design 

Designing usable systems is a craft, 
not a science. The starting point is 
the environment of use—a noisy 
environment may rule out a speech 
interface, a mobile user needs a 
portable system. The next step is to 
determine the flows of information 
across the interface. The users’ view 
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Figure 8—Usability test laboratory 
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Increases in the power and reductions in the costs of 
computing, display and control technology have made new 

types of user interface possible . 


storyboards, mock-ups and more 
sophisticated prototypes (including 
the Wizard of Oz technique where a 
person imitates the behaviour of the 
system). Finally, the implemented 
system itself can be tested to confirm 
that it meets the usability require¬ 
ments. 

User Interfaces for the 
Future 

aHHHIM ^ 


Human interface technology 

Human interface technology is 
continually expanding. Increases in 
the power and reductions in the costs 
of computing, display and control 
technology have made new types of 
user interface possible. Acoustic and 
visual displays are being combined to 
provide multimedia interfaces which 
support spoken commentaries, music, 
text, static and animated graphics, 
moving pictures and speech and video 
communications. Three-dimensional 
displays combined with head-position 
detection can present the illusion to 
the user of being immersed in a 
computer-generated Virtual world’. 
Detectors allow the user’s hand to be 
projected inside the display and make 
gesture recognition possible. 
Tfelepresence allows a user to experi¬ 
ence the sights and sounds of a 
distant location. Networked virtual- 
reality systems can project an image 
of a user into a virtual world where 
meetings take place between people 
from anywhere on the planet. 

Alongside the development of 
display and control technology, 
advances in computing power and 
artificial intelligence are increasing 
the sophistication of conversational 
user interfaces. Ibxt, particularly if 
the topic of discussion is constrained, 
can be understood quite well by 
natural language processing systems. 
Recognition of limited spoken 
vocabularies is already in use, though 
unconstrained spoken input is still 
some way off. Intelligent agents are 
being developed that can carry out 
tasks on behalf of a user in much the 
same way as a personal assistant 


carries out delegated tasks. Applying 
the user-centred methods outlined in 
this article reduces the chances that 
this new technology will fail due to 
the human factor. 

Design skills for usable new 
technology 

The convergence of computing, 
communications, television and 
publishing has major implications 
for the design of user interfaces. 
These developments blur the 
distinction between the control of an 
information system and the content 
of the information it provides. 
Factors determining the acceptabil¬ 
ity of these systems to their users 
include: 

• mastery of the technology for 
prototyping and delivering the 
system; 

• skills, techniques and tools for 
analysing users, tasks and 
environments of use and for 
evaluating the degree to which the 
system meets the users’ require¬ 
ments; and 

• access to the wide mix of creative 
talent to design and integrate 
interactive sounds, pictures, 
animations, video material. 

The talents of engineers, human 
factors people and designers are 
needed to ensure that the telecommu¬ 
nications systems of tomorrow will 
meet the needs of users. Bringing 
together the skills to elicit, under¬ 
stand and meet these needs is 
essential for success in the competi¬ 
tive market-place for today’s and 
tomorrow’s telecommunications 
services. 
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TELECOMMUNICATIONS IN THE 21st CENTURY 


Ian Hawker, Vivek Tandon, David Cotter and Alan Hill 


New Network Infrastructures 
for the 21 st Century 

Part 1: Ultra-high-capacity wavelength-routed networks 


In the last 20 years, 
advances in 
telecommunications 
technology have been 
staggering. However, 
increasingly the 
traditional approach of 
operating networks is 
becoming unsuited to the 
needs of customers and 
network operators. 
Radically-new network 
solutions are envisaged 
for the next century which 
will realise greater 
simplicity and higher 
reliability. 


Introduction 

Despite the revolutionary advances in 
transmission and switching technolo¬ 
gies witnessed in the last 20 years, 
the way in which telecommunications 
networks are operated remains fixed 
in the age-old traditions of narrow- 
band telephony. Increasingly this 
established approach will be found to 
be fundamentally unsuited to the 
needs of customers and network 
operators. This will be due to: 

• greatly increased requirements for 
network capacity through inten¬ 
sive use of broadband interactive 
services, and 

• the need to lower costs by drasti¬ 
cally reducing network complexity, 
software burden, and manage¬ 
ment. 

At a fundamental level, optical- 
fibre technologies have already 
overcome the problem of insufficient 
network capacity. However, in 
practice their capacity is limited by 
concatenated electronic switches and 
regenerators in the fibre path. Future 
photonic networks will offer greatly 
increased capacity as they will allow 
optically transparent, end-to-end 
connections between customers, 
giving direct access to a larger 
proportion of the immense fibre 
bandwidth 1 . Hence bandwidth is 
expected to become a cheap and 
plentiful commodity. In fact, band¬ 
width availability is already on the 
brink of changing the network and 
service design paradigm. In the 


future, network designers will break 
with tradition and take a radically 
new approach—searching for options 
realising greater simplicity and 
higher reliability to reduce control 
and management costs—at the 
expense of bandwidth efficiency. 

This article describes radically 
new switching solutions for broad¬ 
band networks based on optical 
Lambda-PONs (multi-wavelength 
interconnected passive optical 
networks) 2 , and how an almost 
‘switchless’ national network can be 
achieved using either passive or 
active optical routing nodes. Part 2, to 
be published in the October 1994 
edition of the Journal , will describe 
ultra-fast optical packet routing, 
based on primitive autonomous 
network nodes. These provide a 
degree of self-organisation that 
realises a dramatically simplified 
network management regime. 

Optical Lambda-PONs 
within Metropolitan Areas 


The future expansion of broadband 
services implies that both the 
business and residential user will 
generate increasing amounts of data 
traffic and require access to higher- 
capacity data-channels. It is widely 
accepted that the introduction of 
these new services will require 
transport and processing capacities 
far larger than those available using 
today’s electronic-based technologies 3 . 

Providing point-to-point optical 
links to the residential user is 
expensive owing to the opto-electronic 
infrastructure required and the cost 
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The routing of information between customers is performed 
entirely in the optical domain with no electronic switching or 

buffering of the signals required . 


of laying and providing the optical 
fibre. Passive optical networks 
(PONs) offer a method of sharing the 
transmission costs of the access 
network among a large number of 
customers by allowing fibre and 
bandwidth sharing 4 . Implementations 
of PONs to date are primarily based 
on time-division multiplexing (TDM), 
most notably in the form of TPON 5 . 
An alternative approach is to use 
wavelength-division multiplexing 
(WDM). This exploits the vast 
bandwidth of fibre by allowing traffic 
routing functions to be performed in 
the optical domain. The problems of 
non-linearities and crosstalk 6 at very 
high bit rates, which ultimately limit 
the number of wavelengths available, 
can be overcome by wavelength reuse. 

Consider the interconnection of 
PONs using two unidirectional fibre 


rings; one for clockwise and one for 
anticlockwise traffic (Figure 1). Such 
a configuration could be implemented 
within a metropolitan region linking 
clusters of users. Users have access to 
the fibre rings via a passive routing 
unit (described later) and wavelength 
reuse is achieved by tunable wave¬ 
length selective filters which can be 
turned on and off within milliseconds 
to define the wavelengths used and 
the areas within which they are 
confined. Wavelengths allocated to 
calls originating and terminating on 
the same PON or Lambda-PON can 
then be used elsewhere in the 
Lambda-PON. The network shown 
offers the following benefits: 

• It allows customers to construct an 
optical connection between any 
two (or more) terminals. The 


routing of information between 
customers is performed entirely in 
the optical domain with no 
electronic switching or buffering of 
the signals required. 

• Wavelengths are not pre-assigned 
to the customers 7 but allocated to 
customers dynamically as re¬ 
quired. 

• Customers can be allocated 
bandwidth on demand since all the 
devices used to route the informa¬ 
tion are bit-rate independent. 

• Once the wavelengths have been 
allocated, the delay is negligible 
since the scheme does not use 
time-division multiplexing or 
packet switching. Call set-up time 
is limited only by the network 
controller’s processing speed, the 
tuning speed of the transceivers 
and the propagation delay (typi¬ 
cally a few milliseconds). 

© Routing within the network is 
achie' ed by the use of controllable 
tunable wavelength selectors 
which are required to operate only 
at the speed of the call set-up 
process. 

• Storage of network control 
information is achieved by distrib¬ 
uted network control units. This 
provides network resilience and 
reduces the propagation delay 
during the call set-up phase. 

• The network does not require 
synchronisation or wavelength 
conversion. 

• The customer experiences low 
blocking, low delay, has true real¬ 
time bandwidth on demand and 
high reliability. 

Figure 2 shows the occurrence of 
five unrelated circuit-switched callst 
between 10 users (A to A', B to B 1 , a to 
a' etc) using only four wavelengths. 

By turning on the wavelength- 
selective filters A1 and A16 to absorb 


Figure 1—A future Lambda-PON showing eight interconnected PONs 
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Figure 2—Wavelength reuse within a 
Lambda-PON 


out wavelengths \ and X 2 , the two 
wavelengths are localised to that 
PON and hence can be reused 
elsewhere. In the event that two 
paths overlap, a new pair of wave¬ 
lengths to interconnect the users is 
required; as shown by the connection 
between a and a'. In practice, several 
hundred users are connected to each 
PON and all the information entering 
or leaving a PON is broadcast to 
every user on that PON due to a 
lx N splitter (where N is the number 
of users on a PON) located in the 
passive routing unit (described later). 

Controlling the network 

Controlling the tunable wavelength 
selective filters and the dynamic 
allocation of wavelengths on a per- 
call basis can be achieved by the use 
of a network controller located at 
each Lambda-PON (Figure 3). The 
network controller contains a routing 
table to keep track of the wavelengths 
in use on the various routes within 
the Lambda-PON, the state of the 
users (engaged/available) and the 
current state of the absorbers (on/off). 
In addition, the network control unit 
has a direct link to each of the 
controllable absorbers enabling it to 
turn them on and off to absorb the 
desired wavelengths. Accessing the 
network control unit is accomplished 
by transmitting a control channel 
packet on a common control wave¬ 
length. Contention for the network 
control unit is resolved by using a 
suitable protocol such as ALOHA. 

The passive routing unit 
(PRU) 

The passive routing unit (Figure 4) 
performs three main functions: 

® enables users to transmit and 
receive information from other 
users on the network, 


t The term call refers to any 
traffic generated which is transmitted 
into the network whether it be 
straightforward voice-telephony type 
traffic or some future multimedia 
service 
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Figure 3—Connection of PONs to the network control unit 
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ON PON 1 FILTER PASSING COUPLER 
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• enables users to transmit informa¬ 
tion to, and receive information 
from, the centrally located net¬ 
work control unit, and 

• routes information such that any 
information input into the unit is 
passively routed to the relevant 
output ports. 

Information transmitted by users, 
on a PON, enters the passive routing 
unit by a 1 x AT coupler, where N is 
the number of users connected to 
each PON (labelled as ‘input 1’ in 
Figure 4), which combines all the 
signals onto one fibre. This combined 
signal is then equally split by a 
passive two-way power splitter. A 
pass-band filter (Al) ensures that 
only signals on the common control 
channel wavelength (A, 2 ) gain access 
to the optical network control unit by 
filtering out all other wavelengths. 
The notch filter (A2), performs the 
opposite function, ensuring that only 
the control channel wavelength is 
blocked. 

Control packets passing through 
the pass-band filter leave the PRU 
via output 1 after which they are 
rebroadcast by a passive star coupler 
and then received by the network 
control unit. Control and status 
packets (from the network control 
unit), which are broadcast by the 
network controller, arrive at the PRU 
through input 2. Coupler 2 combines 
this signal with wavelengths received 
from splitter 1 and wavelengths from 
other PONs on the Lambda-PON 
(from input 3). 


Performance of the Lambda- 
PON 

In addition to providing almost 
unlimited bandwidth to end users, 
the Lambda-PON must be able to 
meet other performance metrics such 
as blocking probabilities (typically 
about 2% for speech in the present 
network) and delay. The amount of 
wavelength reuse achievable directly 
affects the wavelength blocking 
probability and is dependent on 
several interrelated variables: 

• the topology of the network—at 
present a simple bidirectional ring 
topology has been discussed; 
however, a highly-meshed archi¬ 
tecture is beneficial since it allows 
greater wavelength reuse; 

• the algorithm used to allocate the 
wavelengths; 

• the average duration of each call 
determining how quickly each 
wavelength is released and so can 
be reassigned; and 

• the statistical distribution of call 
occurrence with distance. 

Distributed Network 
Restoration 

The previous section discussed how 
metropolitan Lambda-PONs could 
be controlled from a local control 
unit. In more general terms, as 
telecommunication networks 
become increasingly automated, 
there are many advantages in 


Figure 4—The passive routing unit 


distributing the higher-level 
management/control processes such 
as network restoration. These 
include speed of response, robust¬ 
ness and reduced software complex¬ 
ity. 

A radical approach of achieving 
these higher network functionalities is 
to embed the rules/algorithms within 
the individual network elements and 
switches enabling restoration to be 
achieved automatically in response to 
a network event/request. This method 
eliminates the involvement of the 
network management centre for 
restoration. Since basic intelligence is 
built into the network elements, 
network restoration can be performed 
very quickly and efficiently. 

One method studied involves 
distributed link/node restoration 
which uses a simple but efficient flood 
search to identify alternative routes 
quickly and automatically 8 . Any new 
line system or node added to the 
network is automatically protected, 
subject to spare capacity availability, 
since there are no protection plans to 
modify. Each node knows only its 
unique identity and contains a simple 
set of rules that tell it how to react 
when it sees an alarm or message 
from a neighbouring node. 

Simulation results (Figure 5) 
indicate that distributed span 
restoration in a network is feasible 
within 1 second, offering restoration 
within the call drop-out threshold of 
System X switches to provide custom¬ 
ers with an uninterrupted service. A 
processing time of 5 ms and a cross- 
connect time of 20 ms are typical, 
representing modest modifications to 
current cross-connect specifications. 
In addition, a combination of pre¬ 
planned (that is, distributed restora¬ 
tion routes created continually in 
background mode) and real-time flood 
searching reduces overall restoration 
time by at least 50%. The restoration 
mechanisms described can handle 
node failures based on concurrent 
implementation of end-to-end path 
restoration. Whereas node loss is 
expected to be relatively rare, it is 
potentially catastrophic! 
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Figure 5—Simulated restoration times on a UK network 


Towards the Switchless 
Network 

Optical transparency eliminates the 
need for unnecessary opto-electronic 
conversion hardware and high-order 
electronic multiplexers, and could 
substantially reduce the number of 
network active switching nodes through 
the much increased reach of PONs 
compared with copper cables in the 
access network. Indeed, it may eliminate 
switching nodes completely! Such a 
minimal approach would take the 
traditional trade-off between transmis¬ 
sion and switching to its logical extreme, 
where switching is performed in a hilly 
distributed manner, such that switching 
and transmission become indivisibly one 
task. With few or no switches to control, 
the software burden of operating such a 
network will be greatly reduced, 
particularly in relation to network 
management. 

The initial use of amplified PONs 
(henceforward termed transparent 
optical networks (TONs)) will provide 
multiplexing and consolidation of 
access traffic to reduce the number of 
switch nodes. But, with optical amplifi¬ 
ers, TON capacities will be sufficiently 
large to make distributed switching an 
attractive possibility by allocating time 
and wavelength channels dynamically 
to individual customer-customer 
connections, without the use of elec¬ 
tronic switches. There is, however, a 
difference between the capability of 
upstream and downstream TONs 
which should be considered. 

Downstream TONs 

A very large customer base can be 
served in the downstream direction. 


The possibility of broadcasting 
downstream from a single head-end, 
to tens of millions of customers has 
been demonstrated, over 527 km 9 . 
The experiment demonstrated the 
ability to deliver 40 Gbit/s capacity, 
shared between 16 wavelength 
channels with 1 nm channel spac¬ 
ing, sufficient for 256 uncompressed 
video channels (or perhaps as many 
as 8000 compressed to about 
5 Mbit/s). In such a network, 
channel selection at customer 
terminals would be a combination of 
tunable optical filter and electrical 
time-slot selection. With such 
capacities, a single CATV head-end 
could serve an entire nation. 

Indeed, computer models suggest 


that, in principle, optical amplifiers 
with flattened wavelength re¬ 
sponses could support 400 or more 
wavelength channels across the 
erbium-doped fibre amplifier 
window, over 500 km, with opera¬ 
tion at 2-5 Gbit/s. This would give 
1 Tbit/s downstream capacity, 
sufficient for at least 200 000 
compressed video channels. Non- 
linearities in the fibre restrict this 
to about 0-5 Tbit/s 10 . 

Such capacity within a single TON 
could be used in various ways. For 
example, it would be sufficient to 
provide a near-demand video library 
service, by staggered, yet simultane¬ 
ous, broadcasting of multiple copies of 


thousands of film titles. All this could 
be from a single server, giving 
national coverage—with no switching 
requirements. Another possibility 
with so many channels, assuming 
sufficiently low penetration and high 
concentration, would be for the 
introduction of a nationwide video-on- 
demand service from a single national 
server. An initial service could begin 
with a single server, and additional 
servers would be installed as 
required, as the customer base 
expanded. 

Alternatively, the same capacity 
corresponds to about 13 million 
telephony channels, which would be 
sufficient to support the entire 
telephony traffic of the UK, with 


relatively low levels of concentration. 
If the same number of channels could 
be supported in the upstream 
direction, the entire telephony service 
could be provided over a single 
looped-back TON, without any 
central switch node. 

Upstream TONs 

For conventional topologies the 
achievable split and capacity of 
upstream TONs is the limiting factor 
in moving towards a switchless 
network. Optical amplifiers impose 
major differences between upstream 
and downstream TONs, because of 
quantum processes within the amplifi¬ 
ers, that generate amplified 


With few or no switches to control, the 
software burden of operating a network 
will be greatly reduced 
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NUMBER OF WAVELENGTHS 


spontaneous emission. Figure 6 shows 
the achievable split and capacity for 
customers provided with a simultane¬ 
ous average bit rate of about 5 Mbit/s, 
which is likely to be sufficient to 
support high-quality compressed 
video. With just one operating wave¬ 
length channel, the power budget 
should be sufficient to combine 512 
customers, at an aggregate rate of 
2-5 Gbit/s. But to support more 
customers the aggregate bit rate must 
be reduced, because a larger split will 
reduce the power budget. For example, 
at 155 Mbit/s, about 5200 customer 
fibres can be combined. However, to 
maintain the same calling rates and 
degree of concentration, 160 wave¬ 
lengths are needed to cany the 
additional capacity, and to compensate 


for the reduction in bit rate. The total 
TON capacity is about 25 Gbit/s at a 
bit rate of 155 Mbit/s on each of the 
160 wavelengths. 

Taking the extreme, where the 
aggregate bit rate exactly equals the 
customer bit rate, and every customer 
connection is allocated its own 
wavelength (that is, no electrical 
multiplexing employed), the TON 
split could support some 94 000 
customers at about 5 Mbit/s each. The 
total upstream TON capacity would 
reach a maximum of 0-5 Tbit/s. 

Minimum switch requirements 
for a broadband national 
network 

The fundamental asymmetry between 
upstream and downstream TONs 


Figure 6—Total upstream PON capacity 
and achievable split, as a function of the 
number of WDM channels 


means that, for conventional 
topologies, it is not possible to 
perform switching between customers 
in a fully distributed manner, without 
a centralised switch node (except 
perhaps at very low bit-rates). 

Figure 7 shows a possible optical 
switch design which, in conjunction 
with dynamic allocation of time and 
wavelength channels at customer 
terminals, is capable of interconnect¬ 
ing the entire broadband traffic for 
26 000 000 customers within a single 
switch node. The design is based upon 
the MONET back-plane principle 11 , 
using on-off spatial light modulators 
(SLMs) as the switching devices. The 
switch performs as a time- and 
wavelength-shared, multi-stage 
rearrangeable space switch, in which 
each SLM array represents a stage of 
2x2 optical change-over switches. 

The relevant parameters are given in 
Table 1. The switch requires just 15 
SLM arrays to provide a network 
capacity of 13 Tbit/s, equivalent to 

Table 1 Design Parameters for a Single 
13 Tbit/s Broadband Switch for 
the UK. (The capacity is 
approximately equivalent to 


120 160 Gbit/s throughput ATM 
switches.) 


Number of customers 

26 000 000 

Number of simultaneous 

5 Mbit/s broadband 

connections 
(10:1 concentration) 

2 600 000 

Customer bit rate 

300 Mbit/s 

Time-sharing factor 
(for example, number 
of time-slots) 

60 

Number of wavelengths 

208 

Number of buses 

208 

Number of space/wavelength 43 264 
channels 

Shutter array size 

208 x 208 

Number of 3D SLM 
optical switches 

15 


Figure 7— Time- and wavelength-shared multi-stage rearrangeable space switch, 
using three-dimensional spatial light modulators 
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The ability to eliminate all active switch nodes from the 
network is achieved by applying the wavelength-routing 
technique between every TON in the network 


about one hundred and twenty 
160 Gbit/s throughput asynchronous 
transfer mode (ATM) switches. 

An almost switchless 
broadband national network 

The ability to eliminate all active 
switch nodes from the network is 
achieved by applying the wavelength¬ 


routing technique between every 
TON in the network (Figure 8). 

Individual TONs are all taken to a 
single, central node (in practice a 
number of stand-by nodes would also be 
required) consisting of one wavelength- 
division-multiplexing device—a purely 
passive optical component. No active 
switching is required. Traffic is routed 


Figure 8—A broadband national network, employing wavelength routing between 
customers through a single passive wavelength routing node 
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Figure 9—Number of multiplexer ports 
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Figure 10—Possible design of wavelength multiplexer for a passive wavelength 
routing node 
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from an upstream to a downstream 
TON by tuning the customer transmit¬ 
ter to the appropriate wavelength to 
couple between the correct pair of fibres 
on the multiplexer. The number of TON 
ports on the multiplexer, n, depends on 
the total network customer base, IV, and 
the upstream split m of each TON. An 
additional set of dummy ports is 
required to allow more than one 
wavelength channel to couple simultane¬ 
ously, to satisfy the traffic requirements. 

Figure 9 shows the total number of 
ports required on the multiplexer for 
N= 20 000 000 customers, for simulta¬ 
neous average customer bit rates of 
5 Mbit/s. There is clearly an optimum 
bit rate of about 50 Mbit/s which 
minimises the total number of ports, 
and hence the number of wavelength 
channels required to about 2000. 

With this number, the maximum 
network capacity is about 160 Tbit/s. 
If non-linearities and amplifier noise 
accumulation were to allow end-to- 
end operation at 155 Mbit/s, a 
formidable 2350 Tbit/s would be 
available for long-term capacity 
growth (that is, 20 000 000 customers 
each with 118 Mbit/s simultaneous 
capacity). But further studies are 
needed to determine the maximum 
operational bit rate that could be 
supported transparently across the 
network with so many wavelength 
channels. Also, the system described 
is fibre lean! Introducing a far higher 
degree of space-division 
multiplexing—fibre rich—would 
increase the above capacities beyond 
any effective limit. However, the 
fundamental elements to realise such 
an option are still under investiga¬ 
tion. Ultimately, there is the potential 
for unlimited bandwidth and connec¬ 
tivity! 

The passive wavelength¬ 
routing node 

The passive wavelength multiplexer 
performing the wavelength routing 
function between transparent optical 
networks is in principle a very simple 
device (Figure 10), similar to commer¬ 
cial optical spectrographs and 
monochromators. 
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Figure 11—Schematic illustrating the 
concept of zero switching within the 
national network 


The device would be used in a far 
more powerful way than is conven¬ 
tionally employed for wavelength 
multiplexing. Instead of just combin¬ 
ing light from a number of input 
fibres into a single output fibre 
(lxn connectivity), the device 
couples light from all input fibres to 
all other fibres (n x n connectivity). 
Its capacity as a simple multiplexer 
is multiplied by the number of fibre 
ports. As already discussed this can 
lead to an enormous information 
throughput in a simple device. 
However, the detailed optical design 
of the multiplexer, with such high 
wavelength resolution requirements, 
is a challenging task. Fortunately, 
the coupling efficiency between wave 
guides need not be high since optical 
amplifiers can compensate for the 
losses. 

Figure 11 illustrates the concept of 
zero switching within the UK. 
Customers are allocated a spare 
wavelength and time-slot from a local 
control unit, and thus gain access to 
long-haul fibres via a local PON 
splitter network and optical amplifier. 
Traffic is passively routed by the 
passive wavelength routing node 
(PWRN) to the required fibre to reach 
its destination town or city. Here it is 
broadcast over a downstream splitter 
network. Only the intended customer 
terminal is allowed to select and 
receive that wavelength and time- 
slot. In practice, several geographi¬ 
cally separated PWRNs would be 
meshed to provide the necessary 
redundancy and reliability. 

Final Remarks 

Two views on the development of 
future networks have been presented 
in this article, both depend strongly 
on the number of wavelengths 
available. For a small number of 
wavelengths, the optical Lambda- 
PON offers a method of achieving a 
high degree of wavelength reuse. 

For a large wavelength availabil¬ 
ity, the ‘switchless’ network should 
be achievable. Tb make the 
switchless network a reality, a whole 


range of additional systems and 
component issues relating to end-to- 
end optical transparency needs to be 
addressed. These include: accurate 
time synchronisation (ranging) and 
wavelength referencing, low-cost 
customer tunable transmitters and 
filter/receivers for GHz wavelength 
channel spacings, wavelength- 
flattened amplifiers, optical cross¬ 
talk, power level control (similar to 
today’s PON systems), signalling 
requirements, path-searching and 
channel allocation algorithms, 
location and processing capacity of 
network control software. However, 
most of these elements exist in some 
form, or are receiving a deal of 
attention in research laboratories. 
The prospect is that all the vital 
components will be mature and come 
together between the years 2000 and 
2005. At this point, radically differ¬ 


ent options will be available than 
those in evidence today to realise the 
ultimate telecommunications 
network. 

In Part 2, to be published in the 
next edition of the Journal , ultra-fast 
self-routing packet-based networks 
will be addressed. 
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Michael Lyons and Michael Gell 

Companies and 
Communication in the 
Next Centurf 


The accelerating 
development of 
technology is placing 
increasing strains on 
traditionally structured 
organisations. The old 
vertically integrated 
industrial giants are 
experiencing great 
difficulty in operating, 
competing and surviving. 
To he successful in the 
next century, companies 
will have to alter 
drastically their structure 
and mode of operation. 
The speed with which 
this will occur will 
depend critically on the 
availability and cost of 
telecommunications 
services. 


Introduction 


The world is undergoing a major 
globalisation with a restructuring of the 
Fordist production process and a 
fracturing and dispersion of all the sub¬ 
processes across national boundaries. 
Realisation of an integrated structure 
will require communications systems to 
provide the ‘glue’ essential for global 
coordination. As a result, companies are 
under increasing pressure to rethink 
their operations to position themselves 
well in the new competitive era. This 
means a faster delivery of better 
products, of increasing sophistication, 
at lower cost, on demand. Common 
features of the evolving industries are: 

• shorter product cycles—to provide 
a faster response to market and 
technological change; and 

• increasing development costs for new 
products—carrying greater risks, but 
a potential for greater rewards. 

As the competitive environment 
reduces the time to take action, faster 
decision making will be essential, 
requiring the intelligent processing of 
more data, under conditions of 
growing information pollution. All of 
this is underpinned by advances in 
communication and computer 
technology within legislative and 
policy frameworks that may allow or 
restrict such technology advantages. 

Market Dynamics 

The US provides an interesting 
perspective on the interrelations 


between the evolution of communica¬ 
tions and the economy. In Figure 1, 
consumer price, growth in gross 
domestic product (GDP) and communi¬ 
cation company dynamics are shown 
for the past two centuries. Both the 
GDP and consumer price have exhib¬ 
ited broad ‘cycles’ of about 50 year 
duration, with a successive ratcheting 
between accelerating and decelerating 
growth/prices. During this evolution, 
the telegraph, telephone and radio have 
come into existence, leading to the 
generation of numerous companies 
exhibiting spectacular growth during 
periods of competitive evolution. The 
US is now entering a third communica¬ 
tions age dominated, not by the 
telephone, but by a diversity of compet¬ 
ing media. This new age of communica¬ 
tions will be challenging not only from 
the point of view of technology but also 
from that of the US economy. 

At the start of the century, the 
massive restructuring of the 
telephony sector was not able to 
arrest the decline in growth of the 
US economy (Figure 1). With the 
imminent burgeoning of the 
number of communications compa¬ 
nies under a regime of intense 
competition and globalisation, the 
ways in which communications are 
harnessed to restructure economies 
into a mode of increased growth will 
prove challenging. Communications 
services will be critical for all 
sectors of the global economy. 

Technology 

With the imminent convergence of 
information technology (IT), entertain- 
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Adapted from: Berry, B. J. L. Long-Wave Rythms in Economic Development and Political Behaviour. John 
Hopkins University Press, 1991. 


Figure 1—Time variations of US 
consumer price, GDP and 
communication dynamics 


ment and telecommunications, many 
new opportunities are emerging: 

• telepresence displacing travel; 

© increasing telecommunications 
mobility; 

• natural language recognition and 
machine inpufroutput and conver¬ 
sation; 

• automatic language translation; 

• humanised interfaces—everyone 
will become computer literate; 

• integrated terminals for work and 
pleasure—hifi, TV, virtual reality 
(VK), personal computers (PC), 
mobile IT; 

• the supercomputer on your desk 
(wrist)—by 2010 the PC will be 

1 000 000 times more powerful 
than that of today; 

9 computers you wear—communica¬ 
tion and computing on the move; 

• intelligent office with data sorting, 
visualisation, filtering, decision 
support, search—find—classify— 
anticipate—war games support; and 

© mobile medicare—real-time 

monitoring of your health metrics. 

Such advances will require the 
rethinking of organisational structure 
and processes. 

Walue Networks 

The emergence of an integrated global 
economic structure will play havoc with 
established markets with global 
developments both dominating and 
driving national economies. Existing 
value chains will become less static and 
disordered value networks will take 
their place. Such networks will be 
dynamic, having many complex 
features, such as cross or floating links, 
reflecting the evolving market structure. 
These will be made even more complex 


through greater cultural mixing of 
business and management styles and 
the need for new forms of taxation for 
global companies. Company structure 
and operations will have to mirror this 
dynamic environment. 

Communications will play an 
essential role in enabling companies to 
respond effectively in a dynamic, real¬ 
time economy in which the unifying 
managerial resource is information. 
The vertically integrated company, 
characteristic of much of current 
industry, will become less viable. One 
process leading to the demise of older 
structures is the inability of companies 
to retain strategic information as the 
convergence of industries necessitates 
increasing collaboration; already we 
see companies collaborating in one 
sector while competing (with different 
partners) in another. 

Wnrtual Organisations 

The new companies will be product- 
and service-based with different 
organisations contributing comple¬ 
mentary skills. Unified companies 
could disappear and become primarily 
contracting organisations with 


manufacturing, research and develop¬ 
ment, marketing, sales and support 
run as separate profit centres, offering 
services competitively to parent or 
rival companies. Departments brought 
together to produce a specific product 
would form a Virtual company linked, 
not by geographic proximity, but by a 
global communication network that 
permits the low-cost transfer of ideas 
and knowledge. This mode of working 
is already evident in the software 
industry and echoes earlier develop¬ 
ments in electronics manufacture. 

As the virtual company becomes 
more common, we could see special¬ 
ised companies dominating particular 
activities such as design, planning, 
marketing, or situations where 
companies, employing a small core of 
workers and wielding tremendous 
financial power, hire design, planning 
and manufacturing capacity, on a 
world basis, to create theft own 
products. This could be particularly 
important as the ‘means of production’ 
shifts from the owner of production 
tools to the owner of the knowledge to 
control those tools—the information 
worker. In an even more extreme form, 
the Virtual company could employ, on 
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To be effective, such operations require vastly better communica¬ 
tions than are available at present , enabling geographically 
separated people to interact closely and coordinate their efforts. 


short-term contracts, knowledge 
workers to develop specific products or 
services. There will be increasing 
numbers of temporary niche compa¬ 
nies or specialists taking advantage of 
ephemeral structures in the value 
networks. Tb be effective, such 
operations require vastly better 
communications than are available at 
present, enabling geographically 
separated people to interact closely 
and coordinate their efforts. 

One of the stages towards this 
more integrative but distributed 
global operation is the transition of 
major companies to flatter organisa¬ 
tional structures with multidirec¬ 
tional information flows. Such 
structures may only be temporary as 
the market-place is driven further 
into disequilibrium; it is unclear what 
types of organisational structure will 
be viable under such extreme condi¬ 
tions. It is also unclear what regula¬ 
tory and legislative frameworks will 
best suit the requirements of this 
global economy, characterised by 
intense competition and widespread 
corporate restructuring. 

Impact 

As the global competitive process 
stimulates the atomisation of compa¬ 
nies and institutions, counteracting 
cohesive processes such as coopera¬ 
tion between companies and nations, 
and increasing emphasis on business 
ethics, will be essential for maintain¬ 
ing global stability. Where businesses 
fail to meet these needs, they will be 
faced with increased environmental 
regulation and governmental control. 
Such cohesion can be enhanced 
through: 

© more rational/democratic self¬ 
regulation of companies, and 

© communication referenda and 

televoting. 

This globally competitive envi¬ 
ronment, reliant on interworking 
communication networks, will depend 
critically on cooperation between 


competitors. The ground rules for 
operation in the market-place will 
evolve, perhaps exhibiting many 
radical changes. However, there are 
certain attributes which successful 
players will have to develop: 

• ability to engineer competitive edge 
through applied creativity, and 

• ability to assess and take advan¬ 
tage of opportunities and risks. 

These changes will have an 
extensive impact on the lives of 
individuals who will no longer expect 
or be provided with jobs for life as 
companies make increasing use of 
contractors. The future working 
environment will demand people 
prepared to continue learning and 
developing throughout their lives. 
Individuals will have to develop their 
own strategies for coping with this 
demanding environment in which 
multi-tasking will become common¬ 
place. Many people will become both 
employers and employees. 

Communications 

Technology 


The imminent deployment of novel 
optical technologies such as fibre 
amplifiers and soliton systems will 
change the course of telecommunica¬ 
tions as we approach the next century, 
by stimulating radical and fundamental 
changes in systems and networks. The 
release of fibre bandwidth will bring 
about the realisation of the ‘transmis¬ 
sion engineer’s dream’: near infinite 
bandwidth; near zero physical space; 
near zero material requirement; near 
zero power consumption; all at near 
zero cost! 

The key element to this dream is 
optical path transparency through 
the use of photonic amplifying 
devices (semiconductor and fibre) 
and photonic switching which 
overcomes the electronic traffic 
bottlenecks that would otherwise 
result as the enormous capacity of 
fibre releases the latent demand for 
communication. Radically new 


forms of telecommunication net¬ 
works—well beyond the simple 
point-to-point systems that exist 
today—will be possible, with a 
progressive migration of intelli¬ 
gence, control and service creation 
towards the customer and terminal 
equipment. Further migration into 
the realm of non-linear optics for 
devices, fibre, systems and net¬ 
works opens a further level of 
exploitation that is likely to eclipse 
the progress of telecommunications 
technology and services experienced 
so far. 

Probably the most radical 
commercial changes in the 21st 
century resulting from the further 
advance of optical technology will 
be associated with the introduction 
of new services, the realisation that 
distance and bandwidth will be 
irrelevant—service and time will 
become the measures for charging, 
services migrating to the periphery 
of networks, local calls extending 
across complete countries and 
perhaps spanning Europe or North 
America, and ultimately the globe. 
The emergence of low-cost, high 
bandwidth telecommunications 
coupled with the convergence of the 
information and communications 
sectors will provide an opportunity 
to synthesise disparate technologies 
to create new environments in 
which people can live and work. 

Future office 

The office of the future was the subject 
of an earlier paper in this Journal ("The 
Office You Wish You Had’—see bibliog¬ 
raphy). It can be realised with available 
technology integrated to satisfy 
currently known and well defined 
requirements for human orientated 
interfaces. Features include: 

® desktop videoconferencing featuring 
high-definition TV (HDTV) screens 
to produce life-size images and an 
enhanced sense of presence; 

© hands-in screen interface, to allow 
manipulation of three-dimensional 
images in a shared work-space; and 
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Figure 2—The virtual conference 
room—videowall and whiteboard 


# optical wireless links to provide 
mobile broadband access within 
the office and eliminate complex 
and costly hard wiring. 

Virtual conference rooms 

Meetings involving several people 
will require a more formal environ¬ 
ment than the desktop videoconfer¬ 
encing described above. Human 
behaviour in a real (single location) 
conference facility reveals a number 
of important requirements for 
maximising the usefulness of any 
meeting, lb optimise the effectiveness 
of videoconferencing, this environ¬ 
ment could be mimicked by providing 
a facsimile representation—a ‘virtual’ 
conference room. 

Video windows 

These are now commercially devel¬ 
oped to a point where all the compo¬ 
nents are available. Ideally, human 
beings are presented in full size on a 
high-definition screen, as shown in 
Figure 2. By suitably arranging 
furniture and decor, the illusion of a 
continuous room or meeting place can 
be created. Moreover, by using 
electronic processing and steerable 
microphones, it is possible to focus 
the acoustics on any one speaker and 
arrange for the voice to emanate from 
the appropriate part of the image. 

Electronic white board 
This is currently lacking, or poorly 
realised, in teleconferencing. The 
solution is an electronic white board 
which allows people at remote sites to 
interact as if they were sharing the 
same board. Writing and drawings on 
one electronic white board appear on 
all other boards to which it is linked. 
Erasures by any of the users of linked 
electronic white boards are also 
possible. In one implementation, an 
image of the human being at the 
distant end is superimposed on the 
screen to increase the sense of 
personal interaction. 

Instant fax 

The ability to pass documents across 
the table during a meeting is essen¬ 



tial for effective communication. In 
the tele-environment this may be 
realised in the manner shown in 
Figure 3 with a wideband (240 kbit/s) 
fax able to relay details effectively 
across the table instantaneously. 

The telephone box of the future 
Facilities of the kind described above 
will be costly at first and companies 
may be unwilling, or unable, to make 
the necessary investment. Conse¬ 
quently, there will be an opportunity 
for third parties to provide such 
facilities as a service. Obvious 
candidates would be hotels, who 
already provide seminar rooms and 
conference facilities for businesses. 
Just as in former times, when the 
majority of the population used a 


telephone box to make calls (because 
the cost of owning a telephone was 
too great), so local people and travel¬ 
lers will use the ‘hotel-of-the-future’ 
for telemeetings. 

Virtual reality 

The use of an extended version of 
immersive VR, with the mixing of 
real and computer generated images, 
may appear to offer the ultimate form 
of videoconferencing. However, the 
requirement to use headsets inhibits 
eye contact, thus creating unnatural 
interactions which may offset the 
advantages gained. Alternatively, 
lightweight and miniature elements 
such as active spectacles and contact 
lenses are already at the prototype 
stage. 


Figure 3—Instant fax and video window schematic 
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Three-dimensional presentation 

As we move into the 21st century, 
three-dimensional services can be 
expected to permeate into the 
computer-aided design and manufac¬ 
ture arena. Architects, car designers 
and aeronautical engineers have all 
indicated a need to ‘walk through’ 
new designs of buildings, cars and 
aeroplanes to experience the novelty 
and to examine the design merits. 
Three-dimensional imaging systems 
offer an attractive solution. 

Conclusion 

The world is going through a deep- 
seated transition which is impacting 
on all aspects of society. The major 
characteristics of the transition are a 
compression of time and distance 
coupled with the removal of delays 
through communications and comput¬ 
ing technology. While the scale of the 
impact is principally evident on the 
open market process and on an 
individual basis, it is clear that all 
systems in society are having to 
adapt at great speed. However, the 
changes taking place can allow a new 
post-industrial society to emerge, but 
only if the opportunities offered by 
the widest spectrum of computing 
and communication technologies are 
allowed to flourish and are exploited 
effectively. 
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Ik ^lataal Solytoom t© the 
Travelling Salesman Problem 


The principles of 
artificial life, self¬ 
organisation and the 
survival of the fittest can 
be used to solve a generic 
set of problems classified 
as ‘The Tt'avelling 
Salesman Problem’. 
Simple algorithms can 
search out and find the 
shortest tour length 
option between thousands 
of cities in a dramatically 
reduced computing time 
compared to previously 
published solutions. The 
technique can be extended 
into hyperspace to give 
real-time solutions for 
routing in mobile 
communication, network 
and circuit design or 
investment analysis. 


Introduction 


What is the most efficient route for 
engineers to repair reported faults or 
freight companies to deliver cargo to 
a fixed number of known locations? 
These are but two of many examples 
of the Travelling Salesman Problem 
(TSP), which, while apparently 
simple, is in fact deceptively complex 
and one of the hardest optimisation 
problems to solve 1 . During the past 50 
years, many have tried to find 
efficient algorithms that provide good 
solutions 2 . Optimising the tour length 
when visiting a small number of 
locations is straightforward, and 
sometimes human capabilities can 
fulfil this task efficiently. However, 
the number of possible routes 
increases exponentially with the 
number of locations. For example; a 
50 city-tour presents 10 64 different 
possible routes. Even a 
supercomputer would take years to 
search every possible route and 
identify the solution that gives the 
least distance travelled. 

The importance of the TSP 
problem stems from the wealth of 
applications areas where it can be 
applied. These range from pure 
mathematics to all aspects of com¬ 
merce, industry, computing and 
telecommunications. In fact, it relates 
to any search and positioning system, 
from drilling a series of holes in a 
printed circuit board, to planning 
cable duct routes and searching 
electronic data libraries. The quest 
for an efficient solution has therefore 
been a target of considerable research 
effort worldwide for several decades. 
This article describes a new and novel 
approach. 

Because it is generally thought 
that no exact solution can be found 


for very large TSP problems in a 
reasonable time, many have tried to 
construct algorithms that compute 
good approximations. However, for 
very large numbers of cities the 
problem is still difficult to solve and 
generally requires massive amounts 
of computing time. For example; the 
Lin and Kernighan 24 algorithm gives 
good results for a reasonable number 
of cities and recent attempts have 
used elastic nets 5 , simulated anneal¬ 
ing 6 , neural and Kohonen-type 
networks 7 ’ 8 - 9 . Some of these ap¬ 
proaches provide a good solution for a 
reasonable number of cities, but large 
problems remain intractable and 
particularly difficult to solve in real 
time. 

Recently reported results have 
seen a new world record optimal 
solution for 3038 cities requiring 
about one and a half years of 
supercomputer time 3 . In contrast, the 
algorithm reported here converges to 
within 4% of this optimum solution 
within 25 minutes using a standard 
workstation. 

A New Approach 

The new approach combines a number 
of ideas from Newtonian mechanics 
and Kohonen-type self-organisation 
networks 10 * 5 ’ 8 with concepts from 
Darwinian evolution to create a new 
solution. Tb illustrate the power of this 
algorithm, a computer simulation has 
been developed for a random distribu¬ 
tion of cities on a map of Europe 
(Figure 1). The aim is to establish the 
shortest path starting from one city, 
visiting each city once and returning 
to the departure point. 

The assumed configuration is that 
of a two-dimensional distribution of x* 
and y coordinates representing real 
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Figure 1—The Tt'avelling Salesman Problem — hou) to visit 
25 cities ? 
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Figure 2—The ring of virtual nodes tries to match the 25 
cities 


Figure 3—The iteration solution to the 25-city problem. Top left—2 iterations; top right—14 iterations; bottom, left—22 iterations; 
bottom right—37 iterations, final solution 
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cities. In general, it could be n- 
dimensional, depending on how many 
parameters have to be optimised. An 
equal number of virtual nodes 
(number of virtual nodes = number of 
cities) is randomly scattered in the 
same city coordinate space. This set 
of virtual nodes is ordered and 
constitutes the ring of green nodes 
(Figure 2) which is constantly being 
stretched. This movement is produced 
by Newtonian forces as each (red) city 
attracts the virtual (green) nodes. 
Every city competes for the virtual 
nodes as each is attracted to the 
strongest force. Each iteration is 
characterised by a temperature value, 
T, which, in thermodynamic terms, is 
a measure of agitation or random 
motion. At first the temperature is 
high, movement and the attraction is 
maximal. As the system converges the 
temperature cools and the attraction 
reduces. The system iterates until the 
ring of virtual nodes is stretched to 
coincide with the distribution of the 
cities 11 . This process is illustrated in 
the sample sequence of Figure 3. 

Local Self-Organisation 

The random movement of the virtual 
nodes, and their neighbours, preserves 
the neighbourhood structure and 
results in the system attempting 
shorter tours. This is caused by what is 
known as local self-organisation. For 
instance, as we drive a car we are only 
concerned with factors and events in 
our immediate vicinity—we do not 
worry about traffic in Manchester when 
driving in London! There is therefore a 
local set of conditions and rules 
considered by every driver. It is the 
combination of such single, small 
constituents that produces global traffic 
behaviour such as fluent traffic, jams, 
and waves. The TSP algorithm follows 
a similar pattern with localised actions 
attracting the closest virtual node to 
individual cities. The stretching is 
sensed by the nearby virtual nodes that 
are also being attracted by other cities. 
This results in a progressive and rapid 
optimisation as depicted in the sampled 
series shown in Figure 3. 


The Survival of the Fittest 

If, in any one cycle, the same virtual 
node is chosen as a winner by 
different cities then a similar virtual 
node with the same property is 
created (duplicated). Duplication 
occurs each time the same virtual 
node is chosen. The newly born 
virtual node is not allowed to give 
birth during the current cycle; 
however, it is allowed to move freely 
should any of its neighbours be 
chosen as a winner. In the next cycle, 
the new node is allowed to behave as 
an adult (that is, it can give birth and 
move freely if required). If newly born 
virtual nodes were allowed to repli¬ 
cate immediately after creation, the 
performance of the approach would 
deteriorate by up to 20% as they have 
to mature, like other life forms, to 
become effective! 

By this process of creation, the 
number of virtual nodes is increased, 
but the final population of virtual 
nodes has to match the number of 
cities and there has to be redundancy 
or death. The ‘reaper’ mechanism is 
performed in the following manner: if 
a virtual node is not chosen as a 
winner in the current cycle, it is given 
a chance in the next cycle, and if not 
chosen, is terminated. The birth and 
death processes of the virtual nodes 
leads to the survival of the fittest. 


This biological process ultimately 
drives the network towards a shorter 
tour and eventually to the final 
solution (Figure 3). 

Sample Results 


A large series of simulations have 
been completed on a variety of city 
configurations and configuration 
sizes. The cities were randomly 
distributed in a unit square box with 
a uniform distribution (geometric 
TSP). For such a case an estimate of 
the tour length is offered by Stein 12 : 

L = 0-765 V(NA), 

where N is the number of cities and 
A is the area of the square. This 
formula was used to obtain an 
estimate of the performance of the 
self-organising network. Tbur 
lengths of random configurations of 
up to 30 000 nodes have been 
completed using the new algorithm. 
The deviation of results (Figure 4) 
from the estimated optimum derived 
using Stein’s formula for the tour is 
uniformly less than 4%. Moreover, 
this deviation can be set to an 
arbitrary accuracy by parameter 
adjustment at the expense of 
computation time. 

Another important consideration 
is that the approach is, in most cases, 


Figure 4—Estimated performance compared to empirical results 12 
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Figure 5—Size of the problem versus 
Sparc 2 computer run time 


wholly insensitive to the choice of 
temperature and gradient. The same 
values apply when analysing a 10-city 
problem or a configuration with 
30 000 (Reference 11). As shown in 
Figure 5, the rate of increase in 
computation time, with the number of 
cities, compares favourably ( t «: N 2 ) 
with Lin and Kernighan’s 4 approach 
with t oc N 2 ' 2 . 

lb obtain a comparable perform¬ 
ance evaluation with alternative 
methods, sets of random cities were 
generated in the range 20-3000. In 
all cases, the method 11 outperformed 
all reported contenders including 
simulated annealing 6 ’ 13 which gets 
worse as the number of cities in¬ 
creases; in contrast, the new ap¬ 
proach demonstrates a constant error. 

It is also worth mentioning that the 
simulation time for the 3000-city set 
was 25 minutes by the new method 
and 3 hours and 10 minutes by a 
simulated algorithm on the same 
machine with the same compiler. 
Results were also tested against well- 
known, solved problems from the 
global TSP library (LIN105, Bierl27, 
LIN318 and ATT532) for which 
optimal solutions are known 14 . Also, 
comparable results were achieved with 
fewer cooling steps. For example: 
optimal solutions for the Hopfield 10- 
and 30-cities problem 7 were obtained 
within 5 and 10 cooling steps respec¬ 
tively. Similar results were also 
obtained by using the simulated 
annealing technique. In the case of 
LIN105, after 47 cooling steps the 
solution was 0188% away from 

Figure 6—Optimal three-dimensional 
solution for a cube 
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optimal, while with simulated anneal¬ 
ing it was 0-3481% away. The solution 
for ATT532 was obtained within 48 
cooling steps and less than 1-678% 
from optimal, while the simulated 
annealing was 4-56% away. It is clear 
that the self-organisation approach 
gives better solutions in all the cases. 

Further Extensions 

Studies of the basic algorithm have 
been expanded to include: 

e Multi-dimensional TSP Where 
there is more than one parameter 
to optimise, for instance, cost, 
time, distance, etc. The optimal 
solution for a simple three- 
dimensional case found by the 
network is shown in Figure 6. 


• Multi travelling salesmen The 
problem of a fixed number of 
engineers allocated to a large 
number of repair tasks has been 
solved for the non-constrained case 
(Figure 7). 

• Not-fully connected TSP So far 
the approach has assumed full 
connectivity (airline-type net¬ 
work). In a road-like network 
where all routes are not possible, 
the best route can be found from 
isolated points A to B. 

Hyperspace 

A clear, and obvious, exposition of the 
potential problem complexity in this 
context is perhaps the threat scenario 
for a fighter pilot. It contains all the 


Figure 7— The multiple travelling salesman problem . Optimised routes of four 
people from ‘ headquarters' 
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Figure 8—The fighter aircraft 
hyperspace problem 


3 Shortcircuiting the Travelling 
Salesman Problem. New Scientist, 
27 June 1992. 


elements of spatial, temporal and 
stochasic space, plus a high degree of 
non-linearity and uncertainty well 
beyond any human ability to analyse 
in real time. Moreover, it also has an 
all-too-obvious death penalty! 

Consider a squadron of fighters 
(Figure 8) at 30 000 feet under 
simultaneous attack from a ground- 
to-air missile battery, plus enemy 
interceptors approaching from two 
different directions, at different 
heights and carrying different, and 
perhaps unknown, weapon systems. 
As the squadron leader, what action 
do you take? Who would you assign to 
which threat, and in which order, to 
maximise the chance of survival? 

This is a non-linear hyperspace 
problem that can be tackled by an 
efficient TSP algorithm. It is also 
indicative of the scale of complexity 
we face in the future telecommunica¬ 
tions environment. 

The future of the industry will see 
more mobility, information, service 
diversity, competitors, technology 
change, and, perhaps most challeng¬ 
ing, an increase in the number of 
concatenated carriers, service 
providers and terminal equipment 
types. On top of all this will be a 
changing regulatory framework, 
working practices and economic 
environment. It is therefore essential 
that solutions to the joint 
optimisation of such levels of com¬ 
plexity are found. The TSP in 
hyperspace looks like a viable 
contender in this context. 

The INIeed and Future 
Applications 

Exponential growth in every aspect of 
telecommunications networks, service 
and application provision makes it 
extremely unlikely that established 
engineering solutions will cope. As 
mobility is extended to tens of 
millions of users in the UK, and 
hundreds of millions worldwide, the 


search and locate, routing and 
management systems will require 
new and faster techniques. The same 
is true for billing systems and search 
algorithms for future electronic 
libraries. In each case, the customer 
tolerance to delay will predicate a 
change to new algorithms. The TSP 
algorithm described in this article is 
one contender able to provide a 
simple but very effective solution. It 
does this with a small sacrifice in 
accuracy that can be predefined. In 
many applications, such as mobile 
communications, the input data can 
be expected to be less than 50% 
accurate, and a small error (< 4%) 
from the optimum solution is thus 
generally acceptable in practice. This 
is certainly the case for mobile 
systems control and other stochastic 
databases where speed of response is 
paramount. 

In the case of work allocation for 
installers and repair crews, or stand¬ 
by plant and spares holdings, the 
impact can also be expected to be 
extremely beneficial. But perhaps the 
most exciting application area is in 
the solution of non-linear hyperspace 
problems that defy human 
conceptualisation and understanding. 
This class would also include the 
optimisation of investment profiles, 
network and system design and the 
forecasting of future customer and 
traffic activity. Tb date, the algorithm 
outlined in this article represents an 
efficient technique available for such 
activities. 
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Tony Fowler and John Swingewood 


BTs Service Management 
Centre for Broadcasters 


The penalty for breaks in 
broadcast transmission can 
be severe in terms of lost 
revenues for the broadcaster 
and the network operator. A 
total of 30 seconds break in 
service per year might incur 
penalties of £2 million or 
more on the network 
operator. Building a system 
to manage a network to 
carry this high-value traffic 
requires not just technical 
but also organisational 
skills. BT has developed a 
management system for a 
nationwide network for 
carrying TV and radio 
programmes from the 
producers to their terrestrial 
or space-borne transmitters 
to improve customer service 
and revenue-earning 
potential of the network as 
competition intensifies. 


Hntrodtiction 

Distributing television and radio 
broadcast signals around the UK to 
transmitter sites has been the 
responsibility of BT and its predeces¬ 
sors for as long as there have been 
national broadcasting services. This 
has been an exacting task, since 
broadcasters and their viewers and 
listeners will not tolerate lengthy or 
frequent breaks in service. In recent 
years, both BT’s business and that of 
the broadcasters have been marked 
by the rapid spread of competition in 
what were previously monopoly 
markets. Allied to this increasingly 
competitive marketplace has been the 
transition over the last decade to 24- 
hour broadcasting. 

For the broadcasters, competitive 
pressure is for them to increase 
audience share and advertising 
revenues. In recent years, it has 
become Fierce, with the arrival of 
satellite television direct to homes, 
and the building of cable television 
networks. At the same time, the 
licensing by the authorities of 
national commercial stations means 
that radio broadcasters are subject to 
similar pressures. 

Alongside the rapid growth of 
entertainment broadcasting, the 
wider availability of the appropriate 
technology, together with liberalisa¬ 
tion and deregulation, has generated 
a lucrative market for business 
broadcasting. Many large companies 
now want to operate their own 
services to keep their branches and 
dealers informed of business deci¬ 
sions and the latest market condi¬ 
tions. In many instances these 
organisations have also found that 
satellite communications and the 
rapidly spreading broadband infra¬ 


structure in the UK are also ideal for 
their data communications needs. 
Now they find that all along they 
have been travellers on telecommuni¬ 
cations super highways that other 
nations are only contemplating 
constructing. 

At the same time, deregulation 
and liberalisation have long since 
seen BT’s monopoly whittled away, 
with rival telecommunications 
companies being licensed to provide 
the long-distance broadband services 
that customers now require. Even 
now, at least four high-capacity 
networks with broadband backbones 
are coming into service on a national 
scale, while a myriad of new opera¬ 
tors are building local systems, and 
several more are building on a 
regional scale. 

For a telecommunications com¬ 
pany, broadcasting and data commu¬ 
nications customers can mean 
extremely large revenues, with some 
used to spending tens of millions of 
pounds a year on their communica¬ 
tions links. Simply providing cables 
and switches is not enough for the 
modern market. The networks must 
be both resilient and managed to 
provide ‘no-break’ services. The 24- 
hour service demands also mean that 
broadcast circuits and components 
cannot be withdrawn from service for 
routine maintenance. 

In particular, the television compa¬ 
nies demand practically 100% reliabil¬ 
ity. If there is a break in transmission 
longer than 10 seconds, then their 
viewers will use their remote controls 
to flip to another channel. So, for 
example, one of BT’s prime customers, 
Channel 4, stipulates that no more 
than 30 seconds a year viewing time 
can be lost as a result of network 
failure. That is a level of service that 
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Figure 1 —SMC control room 


BT Broadcast and Satellite Services 
(BSS) are happy to guarantee. 

The Service Management 
Centre 


Until the beginning of 1993, BT’s 
broadcast customers did not have a 
dedicated service centre. Services 
were managed from a variety of fault 
reporting points all over the UK. 

This led to customers being given 
varying levels of services and 
responses dependent entirely on 
people at the various reporting 
points. In fact, BSS customers were 
serviced by some 60 different fault 
reporting points. It was difficult to 
deliver a consistent level of service to 
customers and virtually impossible 
for the management of BSS to have 
any idea of the level of service 
customers were being provided. 

The technology employed to deliver 
broadcast services in the UK, while 
being highly labour intensive, consist¬ 
ently achieved a network availability 
of 99-998%. A clear target for BSS was 
therefore to replicate or better the 
traditional availability performance 
while reducing the cost base. 

As a first step, it was decided that 
a service management centre (SMC) 
similar in concept to the service 
centres provided for telephony 
customers but dedicated to broadcast 
customers should be established with 
the following goals: 

• to provide the customer interface 
for all broadcast customers; 

# to provide management informa¬ 
tion systems enabling BSS 
management to be up to date and 
proactive when dealing with 
customers; and 

® to house the new management 
systems to be deployed for immi¬ 
nent Channel 4 television distribu¬ 
tion network and future broadcast 
networks. 

A pilot 24-hour service point was 
established in April 1992. The first 



two customers were The Associated 
Press and Hutchison Paging, both of 
which have a satellite distribution 
service for their wire and paging 
services respectively. This pilot 
service also provided broadcast 
customers with an escalation point in 
the event of any unresolved problems 
on broadcast services. 

When BSS moved to new accom¬ 
modation in Vision House, at Euston 
in London, the SMC went into full 
operation in interim accommodation. 
In January 1993, the first managed 
network went live; this was the 
34 Mbit/s digitally compressed 
national TV distribution network for 
Channel 4 Television. Systems 
deployed to support this network 
were based around the ServiceView 
network management platform from 
BT Development and Procurement. 

While this operation continued, 
custom accommodation was being 
prepared in Colombo House near 
Waterloo, London. In February 1993, 
the SMC operation moved into 
Colombo House. Here the accommo¬ 
dation supports up to 20 network 
management personnel and their 
systems. A video wallboard displays 
the status of the managed networks 
that now include the Classic FM 
national radio service and will shortly 
include the Independent Tblevision 
network contribution service, the 
Meridian TV and Anglia TV local TV 
networks. (See Figure 1.) 

The main centre for broadcast TV 
and radio services in the UK contin¬ 
ues to be the BT T)wer, which is now 
undergoing a programme of moderni¬ 
sation and change. Major elements of 


the centre are being replaced, 
including a 26 year old Marconi 
mechanical switcher. The BT Tbwer is 
the largest switching centre of its 
kind in the world with three broad¬ 
cast routers capable of switching 
more than 3000 TV and radio 
services. 

In 1994, it is planned to integrate 
the SMC with the BT Tbwer opera¬ 
tion. These locations will share 
common but resilient computer 
systems, communication systems and 
data networks. This will enable 
personnel from either location to 
access any of the information systems 
and to control all switching and 
network management systems 
recently deployed in the UK network. 

While the SMC and BT Tbwer 
operate as the customer interface on 
broadcast networks, physical network 
maintenance and the repair of faulty 
circuit elements are devolved to BT 
Worldwide Networks. 

Tb improve the reliability of the 
broadcast network, BSS has over the 
past 18 months replaced outdated 
mechanical switching equipment 
with state-of-the-art studio-quality 
routers. This has reduced the 
dependence on manual intervention 
for maintenance and switching 
activities. This national network of 
routers is controlled and monitored 
by technical staff at BT Tbwer. BSS 
believes that a major criterion for 
success is customer service. It is 
essential that BT is as proactive as 
possible in dealing with customers’ 
services. The goal is to know of a 
problem on a managed network and 
resolve it before there is any disrup- 
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CHANNEL 4 STUDIO 


BT TOWER (LONDON) 



Figure 2—Channel 4 distribution arrangements (one region) 


tion to service transparent to the 
user. On non-managed services, the 
target is to be aware of a problem as 
soon as a customer is and to mobilise 
resource to correct the fault whilst 
appraising the customer of fault 
progress. A design aim is to provide 
all future services with an element of 
network management. 

There are a number of major 
elements to be addressed to achieve 
this goal: 

© the configuration of the network to 
provide resilience; 

© the use of specially developed 
sensors to monitor, measure and 
report on the performance of the 
network; 

© the information technology to 
ensure that the information 
generated by the network about 
itself can be interpreted and 
applied; and 


• an interface with customers that 
makes them aware of the quality 
of service they are receiving and 
reassures them that all is well at 
all times. 

The Network 


In practice, each customer requires a 
network to be constructed especially 
to meet their requirements, and that 
built for Channel 4 illustrates the 
approach taken by BSS. 

The task is to feed the station’s 
output to some 27 transmitter sites 
throughout the country. These are 
separated into six regional groups, 
and, apart from London, where 
transmissions are radiated from a 
single transmitter at the Crystal 
Palace site, each region includes 
several transmitters. Signals are 
carried to each region over a dedi¬ 
cated 34 Mbit/s bearer circuit, 
configured as continuous loops. This 
configuration provides two signal 


feeds to each transmitter site. (See 
Figure 2.) 

The TV signal is transmitted 
around each loop in both directions. 
At the transmitter site, signals from 
each direction are continuously 
monitored and compared, with the 
highest-quality one being fed to the 
transmitter. In the event of one signal 
becoming degraded to the point that 
it is unsuitable for broadcasting, an 
intelligent control system, specially 
developed by BT Development and 
Procurement at Martlesham Heath 
Laboratories, can change to the 
alternate feed in less than 500 ms. 
This is the longest break in a broad¬ 
cast that might be experienced should 
one of the circuits fail completely. 

TV signal parameters are moni¬ 
tored by probes at various points on 
each circuit. These monitor up to 100 
parameters that define the quality of 
the video, audio, NICAM and teletext 
components that make up the signal to 
be broadcast. Maximum and minimum 
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values of these parameters include, for 
example, signal-to-noise ratio, differ¬ 
ential gain, chroma content and delay 
are defined in the control system. In 
some instances, these parameters are 
set by the conditions of the broadcast¬ 
er’s licence in cooperation with the 
Independent Television Commission 
(ITC), and it is critical that they are 
maintained. If any parameter exceeds 
the upper or lower limits, an alarm 
condition is generated. Alarms 
generated as a result of broadcast 
signal degradation are dealt with 
automatically by the switching system 
at the transmitter site without the 
need for operator intervention. 

Th ensure that ‘what goes in’ is the 
same as ‘what comes out’, the signals 
are monitored by BSS at either end of 
the transmission line. They are mostly 
based on an insertion test signal (ITS), 
a reference signal that the broadcaster 
injects into the transmission as it 
leaves the studios. Tb ensure that, at 
any instant, the best-quality signal 
possible is forwarded for broadcast, 
each site is carefully programmed 
according to a decision table that takes 
into account permutations of the 
quality of the signal components from 
both feeds. For example, it may be 
that the audio on one feed is better 
than the other although the video is 
threatening to vary outside its limits. 

The results of the measurements 
from both the TV studio and the 
remote transmitters are collected and 
returned to the SMC at Colombo 
House, via a GNS X.25 data network. 
The X.25 data communications link is 
provided independently of the main 
transmission line. At the SMC, 
returned data is collated for display 
in graphical form on ServiceView 
workstations. This allows alarms to 
be analysed rapidly in detail, and 
provides a very detailed historical 
report of the service levels provided. 
At the same time, the data link 
provides detailed telemetry informa¬ 
tion on the state of BSS equipment on 
the sites. In most instances, a 
potential fault is spotted and correc¬ 
tive action taken long before the 
customer is aware of it. 


The information available is also 
sufficiently detailed to determine the 
exact nature of an actual or potential 
technical fault. Where a hardware 
repair is required, engineers can be 
fully briefed and equipped with the 
correct parts before they attend the 
site. 

Information is also distributed 
from the SMC by ServiceView to the 
customers’ station managers, who can 
be provided with a replica of the main 
display. This is in a form that can be 
displayed on a conventional personal 
computer. This provides reassurance 
that all is well with the network and 
that their broadcasts are being fed to 
the transmitters. ServiceView also 
provides real-time information to BSS 
managers through the in-house local 
area network (LAN). 

A network built and managed to 
this standard has been in operation 
for Channel 4 for more than a year. 

A similar approach is also applied 
to the distribution of stereo radio 
signals for another major BSS 
customer, Classic FM. This approach 
will also be adopted for other applica¬ 
tions, including data services and 
both commercial and business 
broadcasting using satellite systems. 

While the bandwidth require¬ 
ments of the networks built and 
managed to date varies—Channel 4 
carries compressed TV signals at 
34 Mbit/s, Classic FM carries 
uncompressed audio at 2 Mbit/s, and 
private systems for companies such 
as Ford and TSB have their own 
special requirements—they have one 
thing in common, they are all distri¬ 
bution networks. This means that the 
signals they transport originate from 
a central point and are distributed to 
either single or multiple transmission 
sites. 

A more complex problem to be 
addressed is a new network under 
construction for the Independent 
Television Association (ITV) which 
will provide a contribution service. (A 
contribution service is for example 
Coronation Street from Granada TV 
which is transmitted by all ITV 
companies.) In this case, the network 


will interconnect the 15 regional 
television companies around the 
country, each of which will contribute 
programme material to any permuta¬ 
tion and combination of the others. 
The requirement therefore is for the 
network to be dynamic, and to be 
rapidly reconfigured on demand. In 
this case, since the companies 
receiving the TV signals will need to 
process them through their own 
editing studios, they are not prepared 
to accept any degradation of picture 
quality that could result from the use 
of compression. As a result, this 
network will use full 140 Mbit/s 
bearer circuits. 

So that the users of this new 
network can take full advantage of 
its dynamic nature, changes must be 
effected with delays of no more than 
a few minutes, enabling them to 
reschedule their programme running 
order and timings to take account of 
unforeseen program and news 
events. 

A prime example is the case of a 
sports programme that is cancelled at 
a few hours’ notice because of 
weather or one that runs over time. 

In either case, scheduled programmes 
will need to be replaced with precisely 
timed substitutes sourced either from 
the network or from in-house re¬ 
sources. In the case of the latter, the 
company with a programme up its 
sleeve may wish to offer it to other 
broadcasting stations on the network, 
some of whom will want it, others will 
not. Another case, where split-second 
decisions and timings may be even 
more critical, is where a news story 
erupts that is important to another 
region and needs to be fed from one 
station to another. The distribution 
and contribution of regional or 
national advertising videos also adds 
to the need for flexibility. 

Tb allow this degree of flexibility, 
BSS has adopted the novel solution of 
providing the companies with a 
measure of self-programming capabil¬ 
ity. Using a PC, a company will be 
able to revise schedules, and broad¬ 
cast its changes to the network 
management centre and to the other 
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companies. In general, the network 
changes requested will be actioned 
with no apparent delay. However, 
network configuration changes will 
not usually be made to the ‘live’ 
network, but will be set up in paral¬ 
lel, switching over at the precise time 
required. (See Figure 3.) 

The 15 companies involved regard 
themselves as a ‘federation’ where no 
one is more significant than any of 
the others in its ability to impose its 
requirements. So overall control of 
the network may ultimately reside 
with BSS as a truly neutral network 
manager. This may well place a 
significant emphasis on recording all 
network events. In the past, the 
companies involved have been used to 
working on a network where changes 
were made by hand by using patch- 
panel techniques. The ability to make 
near instant changes may bring about 
major changes in their methods of 
working. One of the anticipated 
changes is likely to be increasing 
‘occasional’ or unscheduled use of the 
network over and above the time or 
capacity each company has con¬ 
tracted for. Thus it will generate 
incremental revenues. 


Conclusion 


Whatever the complexity, BSS has, 
over an intensive two-year period, 
combined development with commer¬ 
cial success and gained total confi¬ 
dence in its technical and 
management systems. This confi¬ 
dence is such that the organisation 
can now stake more than reputation 
on its ability to provide its customers 
with precisely the service they need, 
offering compensation to customers if 
its quality of service falls down. In 
the case of the Channel 4 network, a 
total collapse of the network would 
cost BT some £2 million. At the same 
time, this level of service is not cheap, 
and customers will pay a premium for 
such a high grade of service. 

However, the BSS managed 
broadband network service is not just 
for the giants. As the organisation 
and its reputation grows, its service 
will become increasingly attractive to 
smaller organisations at a time when 
the demands for multimedia and 
‘multi-stream’ broadband communica¬ 
tions services are poised to accelerate 
down the slip roads of the super data 
highways. 


Figure 3 —National TV switching 
control system 
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Martin Bonner 


GmWW Centres—Doing Better 
lusoness fef 


Uniting the power of the 
computer with modern 
telephone systems is one 
of the key ways of 
improving business 
efficiency, productivity 
and revenue-earning 
potential. Call centres, 
computer-telephony 
integration and a new 
appreciation of the power 
of the telephone are 
allowing organisations to 
improve their competitive 
position and provide 
better customer service. 


Call Centres Defined 


What is a call centre? The term is 
sufficiently vague to allow differing 
ideas of what a call centre is, what it 
does and what it includes. For some 
people call centre is a jargon expres¬ 
sion used to specify a particular type 
of telephone switch. For others it is 
the entire building, the office that is 
dedicated to handling telephone 
contact with customers. 

Tb clarify this position, definitions 
might be useful. Call centre is best 
reserved for the location at which 
telephone contact is managed. It 
includes the buildings, the staff, the 
desk and many associated compo¬ 
nents. The call centre is designed to 
manage large volumes of telephone 
calls. It is not an in-house telesales 
bureau or a jazzed-up name for an 
automatic call distribution (ACD) 
suite. 

Customer contact system refers to 
the supporting infrastructure—the 
telephone lines, switch, computer 
systems—required to support the 
organisation in doing business by 
telephone. 

Typically, even though there may 
be a prodigious number of telephone 
calls to answer, the purpose of the 
calls tends to be predictable and 
uniform. Staff (generally called 
agents ), trained to handle only the 
types of call that the organisation 
experiences, rapidly become experts. 
Agents are equipped with telephone 
facilities and use the computer 
system either to access or input 
information. 

The customer contact system, at 
its heart, integrates voice (the 
telephony) with data (the computers) 
but other technologies may be used to 
improve the agent’s performance. For 


example, voice processing can be used 
to start and finish calls (as with 
directory enquiries). In the future, 
multimedia terminals could be used 
to support the agents with video clips. 
But the distinguishing feature is that 
all the elements of the system are 
integrated into one seamless whole. 

Widespread Use 


There are only three types of call 
centre: those which exclusively receive 
calls (order taking, customer service 
and the like), those which only make 
calls (telesales, market research) and 
those which handle both incoming 
and outgoing calls. A good example of 
this third category is the BT national 
telephone account management 
(NTAM) operation where the applica¬ 
tion is, as the name implies, account 
management. 

Regardless of the type, all call 
centres have one thing in common: 
the organisation is being put into 
direct contact with customers. It is 
this feature that makes call centres 
the Tiot topic’ with BT’s business 
customers. 

All commercial organisations, and 
an increasing number within the 
public sector, attempt to influence 
their customers. Tb do this they have 
to make contact and this is achieved 
through their chosen channels to 
market. Until now, organisations 
have had to choose between channels 
such as a sales force or a network of 
shops, television advertising or direct 
mail. Now there is a new channel to 
market: the telephone. 

The power of doing business by 
telephone is that organisations are 
presented with a new channel, a new 
method of spreading their messages 
to their target customers. 
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the major cost benefit is provided by redesigning systems 
and processes to give a single point of contact for 
customers and right-first-time service 


Real-World Users 

Within the inbound, outbound and 
mixed categories of call centre there 
is a wide range of applications. They 
include: 

Customer service/enquiries 
Information service 
Sales-order processing 
Dealing/broking systems 
Account enquiries 
Handling of 0800 numbers 
Fulfilment centres for advertising 
response 
Insurance claims 
Appointment scheduling 
Hotel and ticket reservations 
Help-desk operations 
Tblesales and telemarketing 
Debt collecting, debt counselling 

The UK finance industry has been 
at the forefront of the move to tele¬ 
phone-based customer contact. Call 
centres are used widely by banks, 
building societies and insurance 
companies for handling customer 
service, providing information and 
improving client retention. Tblephone 
banking is well established and buying 
insurance direct (meaning, by tel¬ 
ephone) is the fastest growing sector of 
the financial-services market. 


In other industries, call centres 
are already the norm; for example, 
the catalogue mail order companies, 
the emergency services provided by 
motoring organisations and advertis¬ 
ing sales within the publishing 
industry. Similarly, hotel and airline 
reservations provide a clear illustra¬ 
tion of how linking telephone agents 
to computer systems improves both 
customer service and the ability to 
sell effectively. 

Benefits for Organisations 

From an organisation’s viewpoint the 
justification for introducing a call 
centre is, understandably, entirely 
commercial. Improving customer 
service is often the reason for em¬ 
barking on telephone-based services, 
but just as frequently introducing a 
call centre enables a business to 
reduce costs and/or increase revenue. 

The prime cost savings come more 
from the productive use by the 
telephone agents. Agents can handle 
calls more efficiently and their 
conversations, based on prompts 
presented on the computer screen, 
are more effective. 

Further economies of scale arise 
from concentrating operations into a 
single coordinated location. But the 


major cost benefit is provided by 
redesigning systems and processes to 
give a single point of contact for 
customers and right-first-time 
service. 

Cost savings can be dramatic. 
Productivity increases of up to 300 
per cent have been claimed. One firm 
of factors (credit management) are 
now able to contact more than 200 
defaulters per day compared with less 
than 60 before their system was 
installed. In the USA, one computer 
company cites the case of a system it 
installed for an electricity supply 
company; its client now claims 
savings of $3 million a year and 
managed a full payback on its 
investment within four months. A US 
bank, using an automated dialling 
system, increased the number of 
accounts it handled by 33 per cent 
during the first year of operations 
and it achieved the increase without 
adding any more staff. These achieve¬ 
ments may sound extraordinary but 
they are not exceptional. They are 
certainly indicative of the technolo¬ 
gy’s potential. 

The scope for cost reduction is, 
however, dependent on the strategy 
underlying this move, which is why 
Syntegra, the systems integration 
business of BT, sets store by its 
consultancy service. Providing a 
single point of contact is only effective 
if the agent who answers the call is 
able to complete the transaction 
satisfactorily. Satisfying an enquiry 
may well require a number of 
separate actions to be taken by people 
who are dispersed across an organisa¬ 
tion. The aim of a call centre opera¬ 
tion is that a single telephone call 
should suffice to settle all these 
details. Empowering call centre 
agents—providing the tools to allow 
them to process enquiries fully— 
means stripping out layers of process¬ 
ing. The cost implications of this are 
significant. 

Just as impressive is the impact 
on revenues. The call centre does not 
have to be dedicated to selling for the 
organisation to benefit. Even in the 
customer-service environment, 


Typical call centre agent position 
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customers may be persuaded to make 
a purchase. Agents can be prompted 
with on-screen information directed 
towards an additional sale. For 
example, in a computer supplies 
company, the agent may say: ‘I 
remember, you’re using Windows... 
well, we have a special that’s not in 
this month’s flyer and I thought you’d 
want to know we’re offering PC Tbols 
for Windows at a special price this 
week.’ 

This ability to ‘cross-sell’ is a 
significant advantage and allows the 
agent to introduce additional prod¬ 
ucts and services into the dialogue 
and back them up with appropriate 
sales messages. Carefully structured 
scripts also ensure no points are 
missed and give greater control over 
what is said and when. This also 
avoids unstructured responses and 
promotes a businesslike impression 
in customers’ minds. 

Benefits for Customers 


At the same time, the call centre 
provides a powerful means to improve 
customer service. This is not philan¬ 
thropic: customer care is a live 
business issue and effective customer 
care can act as the differentiator 
between competing organisations. 
Traditionally, customer service has 
been seen as a cost to be minimised 
rather than the key element in 
customer retention. Efficient cus¬ 
tomer service, providing ‘right-first- 
time’ responses, is now recognised as 
an effective means of maintaining 
customer loyalty and it can be as 
much as five times more expensive to 
win a new customer than retain an 
existing one. 

As a result, call centre operations, 
and the computer and telephony 
systems that support them, are 
gaining ground wherever organisa¬ 
tions perceive customer service as a 
key objective. These organisations are 
not only retailers and financial 
companies: in the public sector the 
Citizen’s Charter has made service a 
major goal for government depart¬ 
ments and public utilities, and has 


set specific targets for speed of 
answering telephone calls. 

But this trend to improved 
telephone service is still in its infancy. 
A recent market research programme 
sponsored by Syntegra reveals that 
60 per cent of the major organisations 
contacted could not access their 
customer data either quickly or easily. 

Growth Market 

In a 1992 market survey, the research 
organisation Schema predicted that 
the European call centre market 
would grow from approximately 
$90 million in 1993 to almost $2 bil¬ 
lion by 1999. 

Not surprisingly, this kind of 
growth prediction has attracted many 
players to the call centre market. 
Network providers, computer ven¬ 
dors, software houses, consultancies, 
bureaux and systems integrators all 
compete for the same customers. 


service. Once they decide to buy a 
product or service they expect rapid 
fulfilment of their needs. Advertising 
encourages this outlook, so companies 
interested in satisfying needs must be 
able to meet expectations—or 
competitors will. 

An American consultancy, Oetting, 
concluded that up to 27 per cent of 
customers who cannot get through by 
telephone will either buy elsewhere 
or skip the transaction altogether. 

Call centres are playing their part in 
the crusade to make sure customers 
are handled attentively, without 
losing control of costs. 

Meeting Customers’ Needs: 
Call Sequencing and CT(I 

Callers ringing a busy number often 
assume that, if they are not answered 
rapidly, there is no one there to answer 
them, even though the real reason is 
that all staff are busy on other calls. 


effective customer care can act as 
the differentiator between competing 
organisations 


However, with the exception of the 
systems integrators, all the other 
suppliers are tied to their own 
products or services. And of the 
systems integrators, Syntegra is 
uniquely part of BT. 

Meeting Expectations 


The call centre concept is anything 
but new. BT has been handling 
customer service, by telephone, in call 
centres for the best part of a century. 
What is new is the convergence of 
telecommunications and information 
technology to provide new ways of 
handling large volumes of calls. This 
enables organisations to seize 
competitive advantage by installing 
modern customer contact systems. 

Time is money as far as many 
customers are concerned. Customers’ 
are becoming more sophisticated in 
their expectations of customer 


By installing call sequencing equip¬ 
ment, calls to an order office or help¬ 
desk service (to take typical examples) 
can be spread equally among all 
operators, and if calls cannot be 
answered within four rings, an 
explanatory recording cuts in offering 
an apology and possibly inviting them 
to leave their enquiry on a voice-mail 
system. As well as giving a more 
professional service, the equipment 
also traces the actual number of calls 
handled, which is extremely useful for 
planning staffing levels. 

Computer-telephony integration 
(CTI) is another powerful ingredient in 
most call centre installations. Account, 
product and client information can be 
called in an instant from the computer, 
with powerful linking functions 
between the computer and the tel¬ 
ephone switch. In a telesales operation 
dealing with inbound calls, caller 
identity information can be an’anged to 
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It is essential that the supplier of the call centre technology 
has a thorough grasp of the client’s business 


bring the caller’s account details to the 
agent’s screen before he or she even 
takes the call. This enables the agent to 
greet the caller personally (Ts that Mi’ 
Smith from Worcester? Yes, I thought it 
was. Did you receive the literature we 
sent you last Wednesday?’) and avoids 
the need to take down address, 
telephone number and credit card 
details which may have been taken on 
a previous occasion. 

On outbound calls, an application 
involving debt recovery uploads and 
then dials numbers from BT’s 
Phonebase service, as well as present¬ 
ing the necessary information on¬ 
screen to the agent dealing with the 
call. Links to computers located 
elsewhere are commonplace, such as 
to check stock levels in the ware¬ 
house, requisition goods for despatch 
and produce address labels, packing 
notes and invoices. Until recently, 
information technology of this 
sophistication used to demand 
expensive, individually designed 
bespoke solutions; it is only now that 
they can be provided at acceptable 
cost as an adjunct to the voice switch. 

One-Stop Shopping 

Integrating computer systems with 
the telephone is not new but most 
applications up to now relied on the 
human operator to supply most of the 
intelligence. Even in companies 
which improved their customer- 
service operation by providing agents 


with client data on screen, the agent 
often had to consult more than one 
terminal and copy data from one 
system to another to complete the 
transaction. Moreover, the perceived 
improvement and feeling of goodwill 
were lost if the call had to be trans¬ 
ferred to another department. Even if 
the telephone call was not lost in the 
system, the customer who had waited 
patiently now had to repeat his or her 
enquiry to a different agent. 

With computer-telephony integra¬ 
tion this is no longer the case. In most 
cases the agent can deal with all 
kinds of enquiry and if a call is 
transferred to someone else, the 
information on screen goes with it 
because the complete voice and data 
operation is being handled by one 
single processor. Less time is wasted, 
the agent works more effectively and 
the customer is left with a better 
perception of that organisation. 

It is of course essential that the 
supplier of the call centre technology 
has a thorough grasp of the client’s 
business. The integration implicit in 
computer-telephony integration 
means that it is vital that the 
organisation’s IT strategy flows 
directly from overall business 
planning in general and marketing 
strategy in particular. 

Components of Call Centres 

Call centres are complex. There is a 
vast range of considerations, both 


organisational and technical, that must 
be addressed before operations can 
begin. But regardless of the complexity, 
the technology is always less important 
than the implementation. 

Successful call centre operations 
are derived from the organisation’s 
overall goals and objectives aimed at 
maximising their gain from customer 
contact. Once these have been agreed, 
thoughts can progress to the underly¬ 
ing technologies. The four basic 
components of a call centre (see panel 
below) are: 

• the delivery of calls (Freefone, Lo- 
call and alike), 

• the automatic call distributor 
(ACD), 

• the contact management software 
and computer system it runs on, 
and 

• the access to existing corporate 
computer systems containing 
relevant customer and product 
details. 

Tb this we can add cognate tech¬ 
nologies such as voice processing and 
computer-telephony integration. But 
the list need not stop there. Workflow 
and image-processing systems, 
workforce management, billings 
systems, fax and e-mail and much 
more can be integrated to improve the 
efficiency of the operation. 


Call centres—application is more important than technology 
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To the technical components of the 
call centre, Syntegra adds a keen 
understanding of the business issues 
that are central to ‘doing business by 
telephone’. The emphasis is on setting 
objectives, understanding customer 
expectations and redesigning busi¬ 
ness processes to optimise the 
efficiency of the new installation. 

Syntegra does not aim to supply 
all of the components of the call 
centre from within its own or BT’s 
product range. Many of the elements 
are bought in as required from 
leading suppliers and then combined 
with BT products to form a composite 
installation. In this process, Syntegra 
acts as prime contractor taking on 
and managing the risk associated 
with the new investment on behalf of 
the customer. 

Call Centre Applications 
Within BY 

BT itself was an early adopter of call 
centre technology and it is this 
experience gained from its own 
operations which puts Syntegra in 
good standing for advising external 
clients. Indeed, it can be argued that 
BT’s experience of managing tele¬ 
phone-based customer-service desks 
is unrivalled. Every day BT schedules 
around 6000 telephone agents to 
handle the calls received by directory 
enquiries, operator assistance, the 
emergency services, the customer- 
service centres and many other 
services. The services together handle 
some 750 million incoming calls every 
year and are available 24 hours a day. 

Connections in Business, BT’s in- 
house telemarketing agency, runs 
more than 200 agent positions and 
operates around the clock, 365 days a 
year. The agency runs inbound and 
outbound telemarketing campaigns 
that support both client and BT 
initiatives alike (ranging from the BT 
privatisation share issue to telesales). 


Conclusion 


Biography 


Call centres, although relatively new, 
are based on mature technology and 
represent a major growth area. 
Syntegra is a leading provider of 
these systems, which enable BT’s 
clients to improve the efficiency of 
their operations, making significant 
cost savings and improving customer 
service simultaneously. This can only 
be achieved, however, if organisations 
incorporate call centres, and-the 
systems within them (both computing 
and communications), into their 
business planning. The solutions that 
Syntegra delivers must be an integral 
part of clients’ total business strategy. 
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of marketing roles. Martin has a 
degree from Leicester University and 
is a member of the Chartered Insti¬ 
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(Frame Relay in Tteoff’y ami 

Practoee 


In 1992, BT’s Computing 
Service and Operations 
commenced the 
installation of a frame 
relay network. This 
article describes the 
technology, how it is used 
and results being 
obtained. 


Introduction 


Frame relay is an access protocol 
only. The standards defining it are 
concerned principally with the 
interface between the frame relay 
network and the attached devices. 

The standards do not define how 
frames are handled once they are 
inside the network. 

The frame relay network operated 
by BT’s Computing Service and 
Operations (CSO), in common with the 
public network, is based around 
Stratacom’s IPX equipment. This is a 
fast packet switch in which variable 
length frames are broken up into 
small fixed length cells of 24 bytes. It 
is not essential to break frames into 
cells—whole frames could be transmit¬ 
ted. However, by using small fixed 
length cells, acceptable trunk utilisa¬ 
tion can be attained without unaccept¬ 
ably high serialisation delays. This is 
the method used in the Stratacom IPX 
and described in this article. 

Frame Relay and Other 
Data Communication 
Services 

BT’s (OSI) layer 1 services include 
MegaStream, KiloStream and Datel. 
Layer 3 services are provided by X.25. 
Frame relay lies in between and 
provides addressing, error detection 
and network management facilities 
between network and attached devices. 

With permanent circuits (some¬ 
times described as circuit switching ), 
time-slots have to be reserved and 
paid for whether data is being sent or 
not. In addition, sufficient time-slots 
have to be permanently available for 
end devices to communicate at their 
maximum speed. Such a method is 
ideal for constant bit-rate services, 


but makes inefficient use of band¬ 
width if the source of data is not 
continuous. 

With frame relay, frames of 
varying size are transmitted across 
the core/trunk as fixed length cells. 
Cells are transmitted (that is, 
relayed) only when data is to be sent. 
This results in two main advantages: 

• the ‘silence overhead’ is eliminated 
as cells only occupy trunk band¬ 
width when there is something to 
send; and 

• by using fixed length cells, a 
highly efficient cell packing 
density on the trunk can be 
obtained. 

Conversely, there is a disadvan¬ 
tage—a cell overhead of 12-5%. If a 
network was dominated by continu¬ 
ous data rate services, this overhead 
could make circuit switching more 
efficient. With ‘bursty’ applications 
producing variable data rates, this 
overhead is offset by eliminating the 
silence overhead. 

Frame relay offers the opportunity 
to reduce expenditure on core band¬ 
width and ports plus a reduction in 
network-added delays. 

Origins of Frame Relay 

Frame relay’s predecessor X.25 is also 
a packet technique and was defined 
in an era when transmission media 
were prone to introduce errors and 
terminals were not intelligent. It was 
therefore necessary to ensure that 
only correct frames were delivered by 
the network—a dumb terminal 
cannot request a re-transmission. 

Frame relay, however, belongs to a 
different era in which transmission 
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media are less likely to introduce 
errors and end devices are often 
‘intelligent’ and therefore able to cope 
with errors and re-transmissions. 

Frame relay, unlike X.25, although 
it detects frames that contain errors, 
performs no error recovery— frames 
that contain an error are discarded. 
Frame relay assumes that the higher 
layers will cope with such losses. 

Not guaranteeing delivery of 
frames produces another advantage— 
reduced serialisation delay. It is not 
necessary for an intermediate switch 
in a frame relay network to wait for 
the complete frame to be read in 
before it can be checked and if 
necessary request the previous switch 
to send it again. Round trip delays of 
around 15 ms are being achieved in 
the CSO frame relay network. 

New demands for wide area 
networking facilities have also given 
rise to frame relay—in particular, the 
data requirements for local area 
network (LAN) communications. 
Inter-LAN communications have two 
predominant characteristics: 

• They are bursty. As a result, if 
inter-LAN communications are 
sized to cope with average traffic 
levels, bursty applications will be 
starved when their bandwidth 
demands peak. Conversely, sizing 
for peak demands will result in 
wasted bandwidth. Frame relay 
overcomes this problem by only 
requiring a small amount of 
bandwidth to be permanently 
reserved for a permanent virtual 
circuit (PVC) and dynamically 
increasing the speed of a PVC 
when an application requires it 
(providing the bandwidth is 
available). 

® Meshing. Fully interconnecting all 
LANs in a network becomes 
impractical and very expensive, 
lots of trunks and ports being 
required. As a result, the routers 
via which the interconnection is 
achieved are frequently used as 
intermediate hops.An example is 
shown in Figure 1. 


LANA 



LAN B LAN C 


Figure 1—Passing data through an 
intermediate router 

lb prevent having to buy a trunk 
such as a MegaStream from router A 
to C, frames from LAN A to LAN C 
will be routed via router B. There will 
not be a virtual circuit between A and 
C via B. As a result, at router B, 
frames passing through router B will 
incur a delay as the frame is read in, 
queued for processing, processed, re¬ 
queued and re-transmitted over the 
trunk between B and C. As frames 
are commonly 1500 bytes long, such a 
serialisation delay can be significant. 
Frame relay overcomes the need for 
lots of trunks by permitting PVCs to 
many destination routers with one 


input port (see Figure 2). It also 
reduces serialisation delay as frames 
that can be thousands of bytes long 
are carried through intermediate IPX 
nodes as 24 byte cells. 

Frame Relay Works 

When a frame is received from an 
attached device (described here as data 
terminal equipment (DTE)), the frame 
relay network identifies the destina¬ 
tion, segments the frame into cells and 
relays the cells through the network 
(see Figure 3). The cells are reassem¬ 
bled into frames at the destination, the 
cyclic redundancy code (CRC) is 
checked and, if correct, the frame is 
relayed to the destination DTE. 

Up to 251 PVCs can be present on a 
single physical port. Each PVC can be 
individually sized to reflect the 
requirements of the attached device or 
protocol. Having multiple PVCs on a 
single physical port results in another 
advantage. A high degree of meshing 
becomes possible from a single port; 
that is, it is not necessary to buy two 
ports for every two devices connected. 


Figure 2—PVCs from one frame relay port to three destination ports 



Figure 3—Conversion of variable length frames into fixed length cells 
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Figure 4—PVC speed variations 
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Metrics Defining a Frame 
Relay Connection 


Three basic values are used (see 
Figure 4): 

© Port speed —the speed at which 
bits are clocked into the frame 
relay port; 

• PVC minimum information rate — 
the lowest PVC speed that is 
guaranteed to be available at all 
times; and 

• PVC peak information rate —the 
maximum speed that the PVC can 
attain should there be sufficient 
trunk capacity. 

Once inside the frame relay 
network, the speed at which a PVC 
runs is controlled by a congestion 
control mechanism known as 
Foresight ™. When spare bandwidth is 
available on the trunks carrying a 
PVC, the speed at which the PVC is 
running is allowed to increase about 
every 40 ms. This continues providing 
there is data to be sent until the peak 
information rate is reached. Although 
the PVC speed will vary, the port 
speed remains unaltered. 

Should congestion occur on a 
trunk, the speed at which the PVC is 
running is reduced by an amount that 
depends upon the degree of conges¬ 
tion. Reductions continue until the 
minimum information rate (MIR) is 
reached—reductions will not reduce 
the PVC speed below this level. 

There are two main benefits of this 
process: 

• providing data is present, trunks 
are always heavily loaded almost 
irrespective of how the PVCs are 
configured; and 

• if two or more PVCs share the 
same trunk and one or more is not 
carrying data, other PVCs on that 
trunk can occupy unused trunk 
capacity. However, when the 
PVC(s) previously not transmit¬ 
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PEAK 

INFORMATION 

RATE 


MINIMUM 

INFORMATION 
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ting commence transmitting, they 
get their minimum information 
rate at the expense of those that 
were running above their MIR. 

Any unused trunk capacity (that 
is, not required to provide the 
MIR) is available to all PVCs if7 
when required and is shared in the 
ratio of the MIRs. 

Congestion 

Frames enter the network at the port 
speed and are earned across the core 
at the Foresight™ controlled PVC 
speed. Clearly, it is possible for the 
rate at which data is generated by the 
DTE to exceed the PVC speed. When 
this occurs, congestion can build up 
and, unless the data source slows 
down, frames can be discarded, lb 
cope with this, if congestion builds up 
when data is being sent from DTE A to 
DTE B, a slow down message is sent 


by the frame network to DTE A as 
part of the normal frames from DTE B 
to A; this is known as backward 
explicit congestion notification (BECN). 

Unfortunately, not all DTEs 
connected to a frame relay network 
are able to control the root source of 
data; for example, routers connecting 
file servers on different LAN seg¬ 
ments. Ifests carried out have shown 
that, under congestion conditions, the 
frame-generation rate reduces, and 
that only when acute congestion 
arises is any data lost. This is 
probably due to the build up of 
congestion causing network delays to 
increase and acknowledgements to 
the sending DTE taking longer to 
arrive. 

CSO HJse of Frame Relay 


CSO is using frame relay as part of its 
networking strategy (see Figure 5). 


Figure 5—Layers within CSO network strategy 
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Figure 6—Average and peak utilisa¬ 
tion on a PVC between two FEPs 


Installation of the Stratacom IPX- 
based frame relay network began in 
November 1992. The network now 
consists of 31 nodes. It is currently 
used to provide services to three sets 
of devices: 

• Front-end processors (FEPs). An 
FEP is a communications control¬ 
ler commonly used between a 
main frame and a terminal 
network. It can also act as a 
switch for SNA traffic. 

• Main frame channel extenders. 
Channel extenders are used to 
extend 4-5 Mbyte/s parallel IBM 
mainframe interfaces to remote 
channel-attached devices includ¬ 
ing mainframe printers. 

• Routers. Routers are being used 
for internetworking remotely 
located LANs. Routers operate at 
the OSI network layer. 

In selecting a frame relay network, 
cost savings were being sought in two 
ways: 

© reduced trunk bandwidth costs; 
that is, no need to have trunk 
bandwidth permanently available 
to meet the maximum speeds 
required irrespective of whether 
data was being transmitted; and 

• reduced port costs; that is, a high 
degree of meshing from a single 
access port. 

Front-end processors (FEPs) 

FEPs are being installed in telephone 
exchanges to act as remote interfaces 
for terminal traffic into BT’s national 
SNA routing network. The histogram 
in Figure 6 shows traffic levels on a 
PVC connecting a remote FEP and its 
host FEP. Traffic from about 600 SNA 
terminals is being carried by this 
PVC. Response (network and main¬ 
frame) times are as follows: 

© 78% in less than 1 second, and 

• 98% in less than 2 seconds. 



TIME 


NOTE. IT SHOULD NOT BE ASSUMED THAT THE ABOVE RESULTS WILL BE OBTAINED IN OTHER SITUATIONS 


FEPs are normally interconnected 
by MegaStreams and so a port speed 
of 2048 kbit/s has been used. PVC 
minimum information rate is 
128 kbit/s with a peak of 1536 kbit/s. 

Significant bandwidth savings are 
being achieved without impacting upon 
response times. The FEPs, having a 
port speed of 2048 kbit/s, believe this is 
the speed they are interconnected at, 
but in fact only 128 kbit/s is reserved. 

Channel extenders 

BT is concentrating all bulk print 
work (for example, telephone bill 


printing) at a small number of 
locations. A modified form of frame 
relay known as frame forwarding is 
being used to interconnect channel 
extenders as they do not yet support 
frame relay. 

Frame forwarding provides a 
subset of frame relay facilities for 
DTEs that do not support frame relay. 
However, the attached device must 
adhere to some simple restrictions; 
for example, not exceeding 4506 bytes 
per frame. Frame forwarding is 
supported via the normal frame relay 
packet assembler/dissassemblers 


Figure 7—Average and peak utilisation on a PVC connecting two channel extenders 


PRINT FACTORY—AVERAGE AND PEAK LOADING OVER 22 HOURS 



TIME 


PRINT FACTORY—AVERAGE AND PEAK LOADING OVER 17 DAYS 



DATE 

NOTE. IT SHOULD NOT BE ASSUMED THAT THE ABOVE RESULTS WILL BE OBTAINED IN OTHER SITUATIONS 
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(PADs). As DTEs using the frame 
forwarding facility do not conform to 
any of the frame relay standards, 
some frame relay facilities are lost: 

• multiple PVCs (point-to-point 
only), and 

• congestion feedback (the DTE 
cannot use the information). 

Once inside the IPX network, 
frame forwarding cells are treated as 
if they were frame relay cells. 

The channel extenders, although 
normally interconnected with a 
MegaStream, have a port speed of 
1024 kbit/s, a minimum information 
rate of 512 kbit/s and a peak of 
1024 kbit/s. 

Figure 7 shows an example where 
in a 22 hour period 117 000 telephone 
bills, 100 000 reminders and 
4 000 000 lines of plain stationery 
were printed. Instead of interconnect¬ 
ing at the normal 2048 kbit/s, only 
512 kbit/s is reserved. 
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OS I Open Systems Interconnection 
PVC Permanent virtual circuit 
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Tony Mullee and Bob Faulkner 


Planning for a Customer 
Hespensiw© Network 


Customers’ needs are 
changing at a rate never 
before experienced in the 
telecommunications 
industry. Customers want 
new, innovative services 
tailored to their needs 
and delivered to 
increasingly compressed 
time-scales. In order to 
meet this challenge, the 
orientation of network 
planning must be 
towards fulfilment of 
customer needs and not 
towards the unfocused 
exploitation of new 
technology. This article 
seeks to consider some of 
the issues facing 
telecommunications 
companies in the 
planning and 
implementation of 
customer-oriented 
networks and services. 


Need for a Customer- 
Responsive Network 

*We have always had a customer- 
responsive network. We plan to meet 
forecast demand and functionality, we 
aim to keep pace with technology, our 
customer complaint levels are steady 
and our call volumes and customer 
base are stable. We like to think we 
do our best to keep our customers 
happy (within certain constraints). So 
what’s likely to be so different from 
now on?’ 

This statement could be typical of 
a moderately progressive but non¬ 
competitive telco. On the face of it 
they are well intentioned, keen to 
progress and adequately aware of 
their customers’ needs. However, 
what our typical telco lacks is an 
‘obsessive’ preoccupation with the 
customer, determination to under¬ 
stand their requirements, and a 
proactive attitude towards meeting 
those requirements and the effects of 
impending competition head on. 

In order to prosper, indeed, in 
order to survive, the cosy, introspec¬ 
tive world of the technology-led telco 
must give way to the lean, sharp, 
outwardly focused and customer-led 
company of the future. 

Competition and 
Regulation 

In the current climate, the interrela¬ 
tionship between regulation and 
competition is so tightly coupled that 
it is impossible to consider either one 
in isolation. 


This article is based on a paper 
originally prepared for the 6th 
International Network Planning 
Symposium 


Regulation, or rather liberalisa¬ 
tion, of telecommunications has 
clearly been the main enabler to 
competition. The UK Telecommunica¬ 
tions Acts of 1981 and 1984 opened 
the doors for limited competition to 
improve customer choice of products 
and services on a national basis. 

Since that time, the pace and scale of 
regulatory change has increased and 
extended to encompass both Euro¬ 
pean and global communications. 

Open Network Provision (ONP) will 
require operators to meet, measure 
and declare performance against 
targets which until now were inter¬ 
nally set and accounted against. It will 
also stipulate the frameworks for open 
systems by which to ensure effective 
interconnection between operators and 
service providers, in pursuance of the 
vision of truly seamless pan-European 
and global communications. But how 
should today’s operators plan to take 
account of the dazzling array of 
contradictory regulatory, competitive 
and economic pressures with which 
they are now faced? 

If regulation seeks to promote 
competition and customer responsive¬ 
ness, then to achieve this aim, even on 
a national scale, it needs the support 
of standards for effective interworking 
between dominant and emergent 
networks. However, standards take 
time and are often expensive to 
implement for manufacturers, service 
providers and network operators alike. 
Customers (and potential service 
providers) become frustrated at the 
apparent lack of progress and the fact 
that both regulation and standards 
often fail to address adequately those 
aspects of service of greatest impor¬ 
tance to them. 

Figure 1 seeks to reflect this 
confusing array of influences, and 
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Figure 1—Regulation and standards: 
lead, follow or get out of the way ? 


postulate upon the preferred route for 
the telco determined to survive. 

The telco that invests effort into 
understanding and meeting customer 
requirements can have full confidence 
in its own market-led strategy and be 
assured that, in time, customer- 
oriented regulation and standards 
must follow. They will also have the 
confidence to embrace and develop 
relationships with service providers 
and other operators based on a sound, 
customer-focused vision. This as¬ 
sumption is borne out by a recent 
article in an international communi¬ 
cations publication 1 , which stated, on 
the subject of international regula¬ 
tion: 

‘Faced with the same old operator 
offerings, telecoms users and service 
providers are bending the (regula¬ 
tory) rules. Last year’s (1993) 
telecoms services review by the 
European Commission did not 
produce the results many business 
users wanted—immediate liberalisa¬ 
tion of all network infrastructure and 
services markets. Now European 
telecommunications users and service 
providers are finding ways to stretch 
the boundaries of regulation in order 
to meet their needs.’ 

Clearly, if the users themselves are 
prepared to challenge and shape 
European regulation and standards 
through innovative, often corporately- 
based solutions, then the telcos must 
be similarly disposed if they are to 
survive. 

Cost Control: Impact on 
Pricing and Profit 

In the pre-competitive environment, 
network infrastructure investment is 
a fairly introspective process. 

For the newly privatised company 
comes a fundamental switch of focus 
from what was essentially a sociologi¬ 
cal orientation to one of profit, share 
value, efficiency and competitiveness. 
This is a paradigm shift in emphasis 
requiring nothing less than a total 
culture overhaul. 

The privatised telco perceives the 
need to modernise, to exploit technol¬ 
ogy, under the misconception that 
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success in the competitive arena will 
go to the operator with the most 
technologically advanced network 
infrastructure. This is one of the most 
expensive lessons on the road to 
competitiveness. Customers are given 
(what the telco believes to be) the best 
of everything that they could possibly 
want. However, in this well 
intentioned but misguided drive for 
universal technological excellence, 
very few customers are actually given 
what they need. 

Over time, the effects of competi¬ 
tion and regulation will become more 
acute. Pressure on tariffs pushes 
towards a bottoming-out effect, and 
opportunities for differentiation on 
price recede. During this phase the 
drive is for increased internal 
efficiency, operational rationalisation 
and any cost savings which can 
result. The eye of the company 
accountant is firmly focused on the 
diminishing margin between operat¬ 
ing costs and revenues. 

The clock runs on remorselessly 
and the evolutionary principles of 
natural selection and survival of the 
fittest continue to apply. 

The way for the telco to differenti¬ 
ate itself and survive the rigours of 
the competitive evolutionary process 
is to be among the first and the best 
at focusing upon, understanding and 
satisfying the real needs of its 
customers. 

The telco can then begin to offset 
the effect of diminishing returns by 
focusing capital spend where it will 
result in the greatest return; that is, 
where the beneficial effects of the 
spend most closely align with the 
needs of the customers affected by 
them. (An example would be the 
selective upgrade of only that part of 


the digital transmission infrastruc¬ 
ture, to say synchronous digital 
hierarchy (SDH) or asynchronous 
transfer mode (ATM), which will 
serve the customers or customer 
segments with a specific requirement, 
for high-grade speech or data links, 
with higher than ‘normal’ availability 
and error performance.) 

In this way, the impact on cus¬ 
tomer perception and the benefits in 
terms of customer loyalty and 
resultant revenues will be most 
positive. 

Customer Awareness: 
Opportunities for Choice 

Clearly there are many elements in 
the complex array of influences 
enabling increased customer aware¬ 
ness. 

Business customers have well 
developed, clearly defined needs and 
their choice of operator will be 
principally governed by their level of 
confidence in an operator to satisfy 
them and hence support their 
business activities. 

Conversely, personal customers 
may be less discerning and accept 
more basic, reliable communications 
services. They are more influenced by 
softer ‘service surround’ issues such 
as courteous customer service and an 
efficient, effective repair service. 

Price is an issue for them but few 
personal customers would go to the 
inconvenience of switching operators 
on the basis of a nominal price 
differential alone. Any such move 
would be either opportunistic, such as 
during a house move, or be prompted 
by an emotional reaction to a nega¬ 
tive, unsatisfactory experience with 
the operator. 
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Figure 2—Influences on customer 
perception 


Figure 2 shows just some of the 
influences which combine to shape 
customer perception. 

Tb consider briefly the major areas 
of influence: 

Evidence 

The customer is confronted with 
many forms of evidence, from exter¬ 
nal publications and media, to 
publicity and management reports 
produced by the operators them¬ 
selves. 

Badly presented bills or manage¬ 
ment reports awash with meaningless 
information will evoke a negative 
reaction from the customer. By paying 
care to those aspects of the customer 
experience concerned with the 
generation and consumption of 
‘evidence’ the telco has a powerful 
tool through which to influence, win 
and retain customers in a competitive 
environment. 

Comparison 

The criteria by which one operator is 
compared with another will vary over 
time and with the needs of the 
customer in question. 

Price is still a major benchmarking 
issue, although new market entrants 
now frequently cite quality-of-service 
and, in particular, service availability 
as prime bases for differentiation. 

Meeds 

A personal customer may need to 
receive separate bills for a number of 
individuals (for example, teenage 
children) who all make calls from a 
single telephone line. During certain 
periods in their life, such as family 
illness, it may be important for them 
to have 100% service availability. 
Hence their needs will vary with their 
circumstances. 

A business customer may need a 
structured, customised communica¬ 
tions plan, requiring services and 
service combinations outside of the 
telco’s portfolio or technical capability. 
They may need a particular style, 
frequency or delivery of billing 
information to assist in dynamic 
business accounting. 
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Marketing, product and, therefore, 
network plans based upon wide gener¬ 
alisations about customer needs are no 
longer adequate. Market segmentation 
is tending towards individual 
customisation and context marketing, 
which understands that the needs of 
even a single customer will vary widely 
over time. In order to be responsive to 
those needs the telco must adopt a 
dynamic, attentive culture, attuned to 
changing customer needs and driving 
processes and systems equipped to 
respond flexibly and rapidly. 

Experience 

The most direct, and therefore the 
most potent form of influence on 
customer perception, is that of 
personal experience. 

Each customer will have certain 
expectations against which they will 
be most sensitive to the quality of 
their experience with the telecommu¬ 
nications operator. If the telco is not 
adequately attuned to those expecta¬ 
tions then the quality of the experi¬ 
ence for the customer will be low. 

Understanding Customers’ 
Needs 

The telco’s largest customers are 
characterised by increasing expecta¬ 
tions, greater sophistication, compu¬ 
ter literacy and now global coverage. 
TbIcos need to provide their business 
customers with services that en¬ 
hance and add value to their custom¬ 
ers’ own business activities. Major 
customers’ requirements can be 
summarised as follows: 


® the ability to grow organically or 
by acquisition without system or 
communication constraint; 

• the ability to create and maintain 
competitive edge; 

@ the ability to drive and control 
their supply chain; and 

• the ability to offer any product 
through any fascia without loss of 
control. 

In order to support these require¬ 
ments, telcos will need to offer their 
customers the following service 
characteristics: 

Interoperability : The ability to 
interconnect all their equipment 
and sites to form an integrated 
network. The ability also to connect 
any customer premises equipment 
into the network without compli¬ 
cated interfaces or operating 
procedures. 

Flexibility : The ability to offer a 
wide range of customised features— 
such as bandwidth on demand, 
intelligent network services and a 
range of guaranteed volume/duration 
options at an accurate costed price, 
with tariff options. 

Multimedia services : The ability to 
combine voice, data and value-added 
services over the same network, 
through one access point with the 
minimum amount of customer 
premises equipment. 
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Figure 3—Framework for capturing 
customers' requirements 


Network management : The ability 
to control and re-configure the 
network to suit their individual 
requirements. Request up-to-the- 
minute information on the status of 
their network and all telco action 
taken on their behalf. 

Single point of contact: The ability 
to access one point within a telco 
which would then take total responsi¬ 
bility for customer interface planning, 
implementation and operation of 
their networks. 

Customised billing : The ability to 
provide customers with whatever 
type of bill they require whenever 
they require it. 

Value for money : The ability to 
provide customers with the correct 
quality of service for the price paid. 
Customers expect a lot more from the 
network than they did 10 years ago; 
their requirements today are based 
on cost, quality and, for business 
customers, global reach. Therefore, 
the challenge of tomorrow’s network 
planners is how to provide global 
networks with the required quality at 
the required price. This is a simple 
challenge to articulate but extremely 
difficult to implement. 

Tblcos are faced with the appar¬ 
ently contradictory objectives of 
improving quality to meet customers’ 
expectations and reducing costs. The 
telco must therefore establish and 
maintain a balance between cost and 
quality. The challenge of the 1990s is 
how to build networks which reduce 
costs, and improve quality within an 
overall framework which meets 
customers’ requirements. 

[Interpreting Customer 
Requirements and 
Responding Effectively 

In order to plan and implement 
minimum-cost networks and support 
facilities which meet customers’ 
requirements, telcos need structured 
tools and processes with which to 
interpret customers needs with speed 
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and consistency. Any future network 
plan will have an auditable trail back 
to customer requirements. An example 
of such a tool 2 ’ 3 , developed by the 
Federation of Tblecommunications 
Engineers of the European Community, 
and its use are now explored as a front 
end to the quality-of-service component of 
the network planning process. 

The framework shown in Figure 3 
represents a generic matrix which 
enables the user to take a consistent 
and methodological approach to 
obtaining customers’ quality-of- 
service requirements and fixing 
performance targets with consistent 
definitions and, therefore, consistent 
deliverables. 

An example, again referring to 
Figure 3, is the service quality 
criteria ‘speed’ and service function 
‘provision’. Definition: ‘The time 


taken from a contract being signed to 
the time the customer can use and be 
billed for the service’. Measure: 
Parameter expressed in days. 

Each cell on the matrix has been 
defined in this way, thus creating a 
7 x 11 = 77 cell matrix for any telco 
product or service. This, together 
with other criteria, will form the 
foundation of the customer require¬ 
ments for any given service which 
will then need to be split into network 
specific and non network specific 
requirements as shown in Figure 4. 
The network-specific customer 
requirements can then be converted 
to technology capability and a 
minimum-cost network built which 
meets customer needs. 

The major benefits of this 
approach can be summarised as 
follows: 


Figure 4 — Minimum-cost networks from customer requirements 
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Figure 5 — Ti'aditional network 
planning process 


PLANT EXHAUSTION 


0 methodical approach to obtaining 
customer requirements for any 
product or service; 

® methodology to build networks to 
meet customer requirements using 
cost-effective technology; that is, 
planning and building customer- 
responsive networks; 

# basis for customer-oriented network 
performance measures and targets; 

# change of culture within a telco 
away from technology for technol¬ 
ogy sake to technology to meet 
customers’ requirements; and 

# all network infrastructure spend 
auditable back to a proven 
customer requirement. 

Traditional Network 
Planning 


In the past, network planning 
consisted of a continuous process of 
monitoring the state of the network, 
producing plans to meet the require¬ 
ments for growth and enhancement, 
implementing those plans and 
auditing the outcome against expecta¬ 
tions as depicted in Figure 5 4 . 

The end product of network planning 
is a heavy capital investment and the 
use of resources which in turn result in 
revenue and profit. Network planning 
was, and still is, inextricably tied to 
business planning and therefore 
constrained by the telco’s policy includ¬ 
ing capital, procurement, manpower, 
growth, government regulation and 
economic and social targets. 

In the past, the network tended to 
be planned as one ubiquitous entity 
and designed to utilise the best 
available technology. The main stages 
of network planning consisted of 
strategic planning, implementation 
planning, long-term planning and 
short-term planning: 

• Strategic planning'. This provided 
an overall framework within 
which the planning of the network 
and centres must conform. 
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O Implementation planning : This 
provides the evolution plans from 
the existing network to the future 
network. 

Q Long-term planning : These were 
broad-brush plans to take account 
of the more detailed requirements 
of the individual centres. 

# Short-term planning : This com¬ 
prised the continuous review and 
re-planning of the network to meet 
its growth. 

The major problems with this type 

of planning are: 

• The network was planned to carry 
all the telco’s products and 
services; that is, as a ubiquitous 
whole. 

® The telco has to contrive a best fit 
between its service offerings and 
its real customer requirements, 
and customers have to dilute their 
requirements to align with the 
capabilities procured and offered 
by the telco. 


© New technology was provided on a 
‘blanket uplift’ basis—that is, to 
the entire network—which led to 
uncontrolled technology costs, 
surpluses of obsolescent technol¬ 
ogy and expensive research and 
development designed to find ways 
of adapting existing technology to 
support emergent services. 

© The growth of the network was 
based mainly on the historical 
growth. 

© Response to evolving customer 
needs was sluggish owing to the 
extremely long network planning 
lead-times (see Figure 5). 

© Quality of service was reduced to 
the lowest common denominator 
and based upon technical capability 
and not customer requirements. 

Within a telecommunication 
business, network planning gives rise 
to the largest proportion of capital 
expenditure and probably the largest 
current cost in terms of supporting 
the network. It is now evident with 
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the advent of competition and the 
focus of telcos towards the customer 
that this traditional method of 
planning the network, with its 
extremely long lead-times, is no 
longer sustainable. 

Responding to tine Future 

The right culture 

Most competitive, progressive telcos 
are trying to become more attuned to 
the needs of their customers. Custom¬ 
ers will express their needs in every 
way from simple phrases of common 
language to highly specific communi¬ 
cations plans including service 
capability, numbering, billing, 
management and quality. 

The challenge for the telco is to be 
equipped to understand the full range 
of customer needs, and to identify 
from the total set a rationalised range 
of service solutions through which to 
satisfy economically the largest 
number of ‘individual’ customer 
needs. 

For all but the most enlightened 
telco, the move to true customer 
orientation requires nothing less than 
a total culture change on the scale of 
that required for total quality 
management (TQM). Further devel¬ 
oping the synergy with TQM, it would 
be naive and misguided to assume 
that polishing up the customer-facing 
part of the business is all that is 
required. Indeed, customer respon¬ 
siveness in a customer-facing depart¬ 
ment should be the easy bit and the 
least part of the challenge. The really 
tricky bit is ensuring the following: 

• Customer orientation must 
become the very lifeblood of the 
business, the baseline against 
which all other activities are 
referenced. 

# Customer requirements must not 
become diluted, modified or lost on 
their journey through the busi¬ 
ness. Through structured proc¬ 
esses and systems it should be 
possible to track a single customer 


requirement through all stages of 
realisation from raw require¬ 
ments, through feasibility, network 
planning, implementation and 
service launch. 

© The telco must not merely map 
customer requirements to existing 
portfolio offerings, providing the 
customer with a ‘near enough’ 
attitude. 

© The telco must be able to track 
every item of infrastructure spend 
to a verified and proven customer 
requirement. 

© Customers’ needs must be viewed 
by the telco from a customer 
perspective and network plans 
must take full account of those 
needs on an end-to-end basis and 
not a traditional access, switch, 
core network type split. 

The right structure and 
processes 

Faced with such a diverse range of 
customer requirements it would be 
impossible to expect to capture and 
progress each of them on an indi¬ 
vidual, ad hoc basis. Indeed, without 
the necessary structure and consist¬ 
ency, any such approach would be 
doomed to failure in all but the 
smallest of telcos. For the effective, 
consistent capture and satisfaction of 
customer requirements the telco or 
service provider must adopt well 
structured, consistent and widely 
understood mechanisms for the 
following: 

Capturing customer requirements 
This requires a subtle balance 
between encouraging the customer to 
engage in an unconstrained expres¬ 
sion of requirements to guiding them, 
perhaps through structured inter¬ 
viewing, to supply the full breadth of 
information required for meaningful 
analysis. 

Interpretation of requirements 

This is the first stage in converting 
raw requirements into terms which 


are meaningful for engineering 
feasibility, costing and network 
planning. At this stage the use of a 
tick-list or template is essential to 
ensure that the full spectrum of 
issues are captured including quality, 
price, volume potential, ergonomics 
and functionality. In respect of 
intelligent network services this could 
mean the expression of functionality 
requirements in terms of service 
independent building blocks (SIBs), 
service management objects etc. 

Rationalisation and verification 

Having determined a structured 
interpretation of customer require¬ 
ments we can check to see which of 
the required capabilities we already 
have and which we may need to build. 
This is essentially a gap-analysis 
process. 

Evaluation and costing 

How much will it cost to ‘bridge the 
gap’ in our capabilities. Is it a market 
we wish to enter, is it technically 
feasible, how much would we have to 
charge to make it viable and would 
the customer pay? 

Detailed planning 

Having decided to embark on a course 
of action we need to quickly develop a 
suitable architecture, identify 
procurement needs, establish an end- 
to-end quality plan. 

Procurement 

By this stage we are equipped with 
some powerful information. We know 
exactly what our customers want, we 
know exactly what it means in 
network engineering terms, we know 
our margins and we can put together 
an extremely concise procurement 
specification covering the full spec¬ 
trum of our needs. Previously we 
would probably have only specified 
the bits we knew about only to find 
later that our ‘off-the-shelf’ purchase 
did not entirely fit the bill. 

Installation and testing 
No problem! We have an end-to-end 
performance specification for our 
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Telcos will need customer-responsive networks 
in order to survive in a truly competitive environment and to 
retain and increase market share. 


network components and service 
delivery mechanisms. We can test 
against a customer perspective and 
confidently embark on a beta trail 
involving our most discerning 
customers. 

Launch 

Our slick processes and comprehen¬ 
sive understanding of customer 
requirements mean rapid launch, no 
delays for costly reworking and no 
dissatisfied pilot customers to spread 
‘bad vibes’ about our emergent 
service. 

Process characteristics 
At all of the previously mentioned 
stages we need the ability to track 
progress against the original cus¬ 
tomer requirements. The template 
which we used at the interpretation 
stage will have carried right through 
from concept, inception etc. to launch. 
A powerful tool which can aid the 
establishment and verification of 
these threads throughout the pro¬ 
gramme is the quality function 
deployment method (QFD) or Tiouse 
of quality’. Unfortunately limitations 
on space preclude further discussion 
of this methodology which is never¬ 
theless well worth exploring ‘off-line’. 

Need for a Customer- 
Responsive Network? 

Tblcos will need customer-responsive 
networks in order to survive in a 
truly competitive environment and to 
retain and increase market share. 
This can only be achieved as follows: 

® Ensure that customers’ require¬ 
ments are fully identified and 
properly understood. 

• Give customers exactly what they 
want, not more. Blanket moderni¬ 
sation has proven to be an expen¬ 
sive indulgence which modern 
telcos can ill afford. 

• Specify, plan, procure and build 
our networks to meet customers’ 
requirements; that is, build 


minimum-cost network(s) in terms 
of infrastructure, management 
and support with focused network 
investment only when justified in 
terms of customer requirements. 

# Ensure that each and every 
element of network expenditure is 
auditable back to a clearly identi¬ 
fied and understood customer 
requirement. 

• Deploy new technology according 
to a customer-focused, market-led 
strategy. 
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Denis Johnston 


Speech Recognition for 
Speech Services 


The benefits of machines 
able to recognise and 
understand speech are 
enormous. While speech 
and language processing 
are not at the stage where 
we can have casual yet 
meaningful conversations 
with a computer, the past 
five years have seen an 
increase in systems which 
use simple speech 
recognition, and the 
biggest single growth 
area has been in 
telecommunications. This 
article provides a 
background to the 
technology of speech 
recognition, looking in 
particular at how it is 
used in telephony 
applications and where it 
may appear in the future. 


Introduction 

If we could simply talk to machines a 
major barrier to the application of 
computers would be overcome. Not 
only would speech input make 
computer-based systems simpler for 
the vast majority of users, but the 
telephone network would provide low- 
cost access for an almost unlimited 
range of information-based services. 

Speech is the quickest, easiest and 
most expressive means we have for 
communicating with each other. 
However, when we interact with 
computers we normally have to resort 
to more artificial methods: keyboards, 
tonepads, touch-screens or mouse- 
driven menu systems. 

So, why are we not yet surrounded 
by machines that listen to us and can 
understand what we say to them? 
Why is it that such an obvious 
solution is not in widespread use? 
What is so very difficult about 
making computers that can recognise 
speech? 

This article aims to answer these 
questions by providing an overview of 
today’s automatic speech-recognition 
technology, how the problem is being 
tackled and how existing solutions 
are being applied to systems within 
BT. 

It is hoped that this article will 
help potential users of such equip¬ 
ment to become familiar with the 
basic ideas behind the technology, 
understand the terms used and be 
aware of the opportunities today’s 
technology can offer. Furthermore, it 
is hoped that it will help designers 
appreciate the system requirements 
that must be met if today’s auto¬ 
matic speech recognition is to be 
successfully integrated into applica¬ 
tions. 


The article is in three parts. The 
first is a tutorial that describes the 
nature of speech including how it is 
produced and perceived. The second 
provides a ‘state of the art’ summary 
of current speech-recognition tech¬ 
niques. The final part addresses 
technology implementation issues 
and applications. 

The Nature of Speech 


Speech, speakers and 
language 

Although most of this article is 
concerned with automatic speech 
recognition, the most ubiquitous form 
of speech recogniser is of course the 
human being. It is therefore appropri¬ 
ate to preface any discussion of 
automatic recognition by considering 
the nature of speech itself, how it is 
produced, how it is perceived and how 
it is linked with language. 

As children we develop speech 
skills so effortlessly that it appears 
obvious that it must be a very simple 
process. This notion is reinforced 
when we listen to speech as we seem 
to hear clearly separated words each 
of which consists of a series of clear, 
unique sounds. What is more, the fact 
that we all can communicate so easily 
with each other so effortlessly 
strongly suggests that the underlying 
signals must have something in 
common and be part of a universal 
coding system. Finally, we know that 
we can write down speech using only 
the 26 letters of the alphabet, again 
supporting the view that speech must 
be very simple. 

On the other hand, when we think 
about it more deeply, our experience 
also suggests that perhaps speech 
may be more complicated. For 
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Figure 1 (a) 


Figure 1 (b) 



TIME TIME 




Figure 1—Single speaker, several words (top, two speakers saying ‘twobottom, two speakers saying ‘ three’) 


example, when we listen to someone 
talking, we can usually tell something 
about the importance of what is being 
said from the ‘tone of voice’. Likewise, 
we can often recognise the speaker 
and appreciate what their mood is at 
that instant. Even when we do not 
know them, we can often tell their 
approximate age and their sex, and 
make a good guess as to where they 
come from by their accent. Sometimes 
we can judge something about their 
educational or social background and 
may even be able to say something 
about to whom they are talking: a 
friend, a child, a crowd, a pet, etc. 

The evidence that speech can 
simultaneously contain all these 
different messages suggests that 
there is much more to speech than 
‘mere words’ and hints that it is much 
more than a simple linear coding 
scheme. The truth seems to be that 
speech is actually a very complicated 
phenomenon. So much so that much 
of how we perceive and understand it 
remains unknown. 

It is also clear that it is impossible 
to discuss the nature of speech 
without taking into consideration 


many other factors. For example, our 
ability to ‘hear’words is not just an 
auditory process—it is linked strongly 
to our language-understanding 
capability. As we listen we use our 
knowledge of language to ‘make 
sense’ of what we hear: indeed it is 
generally accepted that it is higher- 
level linguistic processing (as opposed 
to our auditory mechanism) which 
allows us to separate the flow of 
sounds into our ears into separate 
words and sounds. Anyone who has 
listened to an unfamiliar foreign 
language is aware that it is not 
generally possible to identify where 
words begin and end. Indeed, without 
understanding what has been spoken, 
it is very difficult to remember and 
repeat a simple sequence of sounds 
beyond a span of a few syllables. 

But while the nature of speech and 
language remains elusive from a 
philosophical point of view, over 
recent years a lot more has become 
known about the acoustic properties 
of the speech signal. In particular, our 
ability to store and analyse speech 
using digital computers has meant 
that we can now examine the ‘raw 


material’ more effectively than ever 
before. 

This approach (sometimes dispar¬ 
agingly referred to as ignorance 
engineering) has meant that, even 
without knowing a great deal about 
the nature of speech, it has been 
possible to provide engineering 
solutions to the problem of word 
recognition. This is to the extent that 
it is now possible to apply this knowl¬ 
edge to the design and construction of 
reliable, practical automatic speech- 
recognition systems. 

The speech signal 

Let us first look at some examples of 
real speech. Signals captured by a 
microphone and turned into an 
electrical signal are shown in Fig¬ 
ure 1. 

The four fragments of speech are 
from the same speaker. The first two 
traces are of the word ‘two’ and the 
second two are of the word ‘three’. 
There are several key points: 

© each utterance of the ‘same’ word, 
while similar in overall appearance, 
differs significantly in detail; and 
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Figure 2 (a) 


Figure 2 (b) 



© ‘different’ words (here ‘two’ and 
‘three’) do not appear to have 
many more differences than 
repeated utterances of the same 
word (‘two’ and ‘two’). 

So, even with the same talker 
speaking the same word, the signal 
is different and with different 
speakers the differences are even 
greater. Figure 2 shows waveforms 
of three people saying exactly the 
same word. Tantalisingly, although 
again there are many ‘gross’ 
similarities clearly at the level of 
fine detail the signals are very 
different. Indeed, it is almost 
impossible to see any parts of the 
similar utterances that are strictly 
identical in any way. 

It is this intrinsic variability and 
non-repeatability of the signal which 
makes automatic speech recognition 
so very difficult. 

ConnectedJcontinuousIfluent speech 
The waveform in Figure 3 shows a 
sequence of words—the number ‘two- 
six-two’—spoken in a normal speak¬ 
ing voice. 


Possibly because of our familiarity 
with written text, we tend to imagine 
that speech consists of a series of words 
clearly separated by silence. Unfortu¬ 
nately, as this diagram shows, this is 
an illusion. It is clear that the words 
are not separated by silence and, just to 
add to the problem, there are often very 


clear silence regions right in the middle 
of words. In this example the most 
noticeable silence (in the middle of the 
word ‘six’) is particularly spectacular. 

It may also be noted how very 
different are the signals of the word 
‘two’ at the beginning and end of the 
utterance even though they have been 


Figure 3—Speaker saying ‘two-six-two’ 
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Figure 4—Speech production 


spoken by the same speaker in the 
same breath. This illustrates the effect 
of context upon an utterance: adjacent 
words and the position of a word 
within a longer utterance are factors 
which affect the particular realisation. 

Overall, it is clear, and rather 
disappointing, that unlike written 
text, speech does not consist of strings 
of clear letter-like symbols separated 
by spaces. In addition, although 
patterns and trends can be seen 
within the signal, it is apparent that 
these are difficult to describe and 
analyse in a rigorous manner. 

Other factors 

So far we have seen that words which 
we perceive as being the same may 
actually be very different signals. 
Other factors such as accents also 
introduce gross differences. This is to 
the extent that a word pronounced in 
one way in one accent may be a 
different word in another accent. For 
example, the word ‘cart’ is often 
pronounced ‘cat’ in Southern English. 

In addition to these ‘natural’ sources 
of variability, there are also those 
introduced ‘unnaturally’. In particular, 
a telephone channel introduces more 
variability due to: 

• attenuation, 

• non-linear coding methods (includ¬ 
ing non-linear microphones), 

• bandwidth restrictions, 

® effects of‘close speaking’ micro¬ 
phones, 

• line noise, and 

• pyschoacoustic effects. 

Human speech and hearing 

Regardless of the great variability in 
speech signals, there must be some¬ 
thing in the signal which remains 
substantially unchanged. We know 
this because we, as humans, are able 
to make sense of these signals quite 
easily. Even after they have been 
grossly distorted by transmission 
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systems we can still understand the 
meaning of the words and the 
characteristics of the speaker’s voice, 
lb gain an insight into what these 
mechanisms might be, the vocal tract, 
the ear and their associated nervous 
systems have been extensively 
studied and it should not be surpris¬ 
ing to learn that many of the tech¬ 
niques used in speech recognition 
have been inspired by our attempts to 
understand the mechanisms of 
human speech. 

Next we examine how humans 
produce and analyse speech. 

Speech production 
Figure 4 shows how speech is pro¬ 
duced by the lungs, larynx and vocal 
tract. The lungs force air through the 
larynx causing it to vibrate. This 
process ‘chops up’ the air flow in a 
manner similar to the way the reed 
on a musical wind-instrument 
produces a note. 

This strong signal not only 
contains the basic frequency of 
vibration, which we normally per¬ 
ceive as the ‘pitch’ of speech, but also 
its harmonics. 

It is the job of the articulators— 
the jaw; tongue; lips, etc—to shape 
the range of frequencies produced by 
this source signal by variously adding 
resonances and damping out frequen¬ 
cies. Acting together, all these parts 
of the system produce a signal of high 
acoustic energy capable of carrying a 
lot of information. This is the speech 
signal radiated from the lips. 

The dimensions of the articulators, 
vocal tract and larynx vaiy from 
person to person and it is these 
variations which combine to give each 


individual his or her own voice. In 
addition to these physiological 
constraints, the manner in which 
speakers control their articulators 
contributes characteristics that we 
acknowledge as accent, tone and 
personality. All of this means that, 
although the basic mechanism 
appears simple, there is only a remote 
possibility of a particular signal ever 
being identically reproduced, even by a 
single speaker repeating a word. 

It is useful here to consider the 
parallels between human speech and 
musical tunes. Just as a melody can 
be played on a wide range of musical 
instruments, in many different keys 
with different tempos and loudnesses 
and yet retain its uniqueness, so 
spoken words retain their meaning no 
matter with which vocal instrument 
they are produced, how loud they are 
or how quickly or slowly they are 
uttered. It is the relationships 
between the notes, rather than values 
of absolute pitch, amplitude or 
frequency, which are important. 
Similarly in speech it is the relation¬ 
ships and contrasts between and 
within sounds, rather than their 
absolute values, which carry the 
message. 

The ear 

Whereas the mechanics of speech 
production are reasonably well under¬ 
stood, because the vocal tract is both 
large and accessible, the same cannot 
be said for the ear. Figure 5 shows the 
main parts of the ear and shows how 
sound is funnelled from the outer ear to 
the eardrum. The vibrations on the 
eardrum are transmitted to the inner 
ear (the cochlea) via three small bones 
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Figure 5—The ear 
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the last of which is fixed to a small 
membrane (the oval window). 

In signal processing terms the 
mechanisms of the outer and middle 
ear are fairly well understood. Then 
function is to channel as much sound as 
possible by collecting it and then 
impedance matching it to the liquid 
medium that transmits sounds through 
the inner ear. Much less however is 
known about the mechanism of the 
inner ear, the cochlea, itself. 

Not only is the cochlea extremely 
inaccessible, being a very small organ 
buried deep within the skull, but it is 
extremely delicate to the extent that 
it is capable of detecting movements 
approaching atomic scales. Indeed, 
the ear is sensitive to an amplitude of 
vibration which is the size of a 
hydrogen molecule 1 . 

The main transducers which 
detect the movement within the inner 
ear are rows of tiny hairs (stereocilia) 
arranged neatly in W shaped ranks 
along the basilar membrane. Each 
group of hairs (typically 40-70 in a 
group) is associated with a cell and 
each of these hair-cell units seems 
capable of translating movement of 
surrounding fluid into pulse-fre¬ 
quency-coded nerve impulses which 
are transmitted to the brain along the 
eighth nerve. Studies regarding the 
responses in these nerves generally 
suggest that the cochlea splits the 
signal into frequency components. 
However, there is evidence that 
particular features in sounds (for 
example, rising or falling tones) may 
also trigger particular nerve firing 
patterns, and it appears 
oversimplistic to model the cochlea as 
a bank of linear filters 1,2 . 

Psycho-acoustic experiments 
Although physiological studies of the 
ear are likely in the long term to 
provide the most comprehensive 
theories of hearing, many of the most 
useful theories of hearing have 
actually come from a related but very 
different area—psycho-acoustics. 

Here, carefully controlled sounds are 
introduced into the ear, and responses 
(normally subjective) are recorded. 


Figure 6—Electrical analogue of the ear 

From such experiments we can 
infer much about how we perceive 
signals. For example: 

<D loudness is perceived as logarithmic, 

# the ear is ‘phase deaf’ (at least 
over short time intervals), 

® the ear is not uniformly sensitive 
over all frequency bands, and 

Q> a variety of ‘masking* effects occur. 
For example noise is masked in 
the presence of a signal. 

However, even these apparent 
‘laws’ do not appear to hold true at all 
times and it is possible to find many 


counter examples of all of these. For 
example, although for most purposes 
each ear appears to be ‘phase deaf’, we 
can resolve very short time differences 
between ears. This evidence indicates 
that the ear must be able to resolve 
veiy fine phase information. 

Nonetheless, the general psycho¬ 
acoustic ‘laws’ outlined above have 
proved very useful for many practical 
purposes (for example, speech coding, 
vocoders, etc.). Figure 6 shows one 
commonly held view of how the ear 
operates and this model is the one 
that is generally used to justify the 
techniques of feature extraction 
processes used in many present day 
recognisers. However it should be 
stressed that even the most ardent 
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Figure 7—Flowers’ machine 
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advocate of this model would still 
consider it to be a highly simplistic 
representation of the real thing. 

The Elements of Practical 

Speech-Recognition 

Technology 

Early speech recognisers 

One of the first recorded designs for an 
automatic speech recogniser was that 
of Flowers 3 (Figure 7). It consisted of a 
set of filters (electromagnetic resona¬ 
tors) which responded to the strongest 
frequency in the particular utterance. 

It is clear from this design that the 
inventor was making an assumption 
that each letter of the alphabet was 
characterised uniquely by a single 
dominant frequency. We know that 
this is not the case, but nonetheless 
the basic structure of the device in 
which separation of the task of speech 
recognition into components by 
feature extraction based on frequency 
analysis and classification based on 
"best match’ is a fundamental charac¬ 
teristic of all modern recognisers. 

Probably the next major milestone 
in recognition was the Davis, 
Biddulph and Balashek machine 
(Figure 8). Here the speech was 
filtered into two frequency bands and 
the zero crossing rates within each 
band used as the primary features 4 . 

The first implementations using 
digital computers typically had 
configurations as shown in Figure 9. 

The first speech recognisers 
operating along these lines appeared 
in the 1960s and were made possible 
by the advent of the digital computer 
as only digital technology provided 
the stable and accessible memory 
which was necessary. 

In the recognition process the 
‘unknown’ sequence of spectral 
components was aligned in turn 
against each known sequence in the 
‘template’ library. That which fitted 
best was selected as being the 
‘correct’ example. 

The performance of these ma¬ 
chines was determined mainly by the 
following factors: 


• how good the features were in each 
frame (feature selection), 

• how well the start and end of words 
were detected (end pointing), 

• how good was the strategy used for 
‘stretching and compressing’ words 
to match templates (time align¬ 
ment), 

© how representative were the 
templates used for training, and 

© computational power available. 

Computational restrictions meant 
that only very simple processing 
could be used at almost every stage, 
but an even greater problem was due 
to the sequence of operation. The 
following was a typical sequence: 

1. Detect the start of speech. 

2. Collect speech until silence was 
detected. 

3. Normalise the speech to a fixed 
length. 


4. Start the matching process against 

all the reference templates in turn. 

5. Report the result. 

The need to wait until the end of 
the speech before any normalisation 
could be done meant that the match¬ 
ing process, which represented the 
greatest computational load, could 
not even start until the end of speech 
was detected. Typically, 200 ms of 
silence had to have elapsed to be 
certain of the word end. This meant 
that the processing could not start 
until well after the word had finished 
and the final result would be much 
later still. Indeed much of the 
development effort directed at 
improving these machines was 
concerned with improving the 
response time. 

However, the application of a new 
mathematical approach to non-linear 
pattern matching was to revolutionise 
the whole process to the extent that 
post-utterance processing delay could 
be completely eliminated. The 
technique was known as dynamic 
programming. 
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Figure 8—The Davis, Biddulph and 
Balashek analogue recogniser (1952) 


Dynamic programming 

Dynamic programming (popularly 
referred to as dynamic time warping) 
simultaneously overcame almost all 
of the theoretical, although not all of 
the practical computational problems. 
Figure 10 shows how the process 
works. For clarity this example shows 
spectral frames derived from a four- 
channel filter bank, but in practice 
many more channels, typically 16-20, 
would be used. 

Instead of having to wait for the 
end of an utterance, the distance of 
every spectral frame in the input 
from every frame in every template 
was calculated as it arrived and the 
accumulated difference along the best 
path maintained. 

It offered the following advantages: 

• Matching could take place as the 
signal arrived. 

• Processing could be fully pipelined. 

• The very best time alignment 
possible between the unknown 
signal and the known templates 
was obtained. 

• Recognition was complete as soon as 
the word was finished. Indeed, if 
there was sufficient discriminative 
information in the initial sounds of 
the vocabulary words then the word 
could be recognised even before the 
speaker had finished uttering it. 

• Connected word recognition was 
achieved as a natural extension to 
the process, almost as a by-product. 

• Connected word recognition also 
meant that word spotting was 
possible. 

It is not surprising that dynamic 
programming was hailed as the 
greatest single breakthrough in speech 
recognition. This single theoretical 
technique appeared to provide a 
solution for almost all the technical 
problems in speech recognition and 
formed the basis for a new generation 
of practical speech recognisers. 
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Figure 9—Recogniser using digital storage 


Figure 10—Dynamic programming principles 
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Limits to template-based 
dynamic processing 

While dynamic programming pro¬ 
vided the solution to the problems of 
time alignment, endpointing and 
concurrent processing, most systems 
relied upon templates being suffi¬ 
ciently representative of all variants 
of the words to be recognised. This 
approach worked reasonably well for 
those situations where the user was 
available to train the system. By the 
early 1980s, a significant number of 
speaker-dependent connected word 
recognisers were available commer¬ 
cially that offered vocabularies of 
hundreds of words. 

However, there were limitations. 
One problem that these recognisers 
did not address was that of co¬ 
articulation. Essentially, the assump¬ 
tion made was that the 
characteristics of words spoken in 
sequence were the same as of the 
words uttered in isolation. This was a 
false assumption because, as we have 
already seen, the nature of a speech 
fragment is strongly influenced by its 
context. Techniques such as ‘training 
in context’ or ‘embedded’ training, 
where the templates were made from 
words excised from strings of words, 
were developed to allow for this with 
limited degrees of success. 

A second limitation was due to the 
computational requirements of 
template matching, lb accommodate 
the largest possible vocabularies, only 
one template per speaker was gener¬ 
ally feasible which made the systems 
inherently speaker dependent. In 
some cases this was seized upon as an 
advantage and the systems were 
advertised as being speaker verifiers, 
but in general this restricted wide¬ 
spread deployment. In particular, it 
excluded the vast potential application 
area based on telephony. 

Much more useful would be 
recognisers that were not ‘tuned’ to a 
particular speaker but would work with 
anyone. For a period attempts were 
made to provide speaker independence 
by the simple expedient of having a 
bank of speaker-dependent recognisers 
with each trained to a different voice 


type. This was in the hope that at least 
one of them would match any unknown 
speaker. Such an approach was 
computationally very expensive, but, 
more importantly, raised questions of 
how to create sets of templates which 
could best represent large populations 
of speaker characteristics. These were 
problems which could only be solved by 
turning to statistical methods. 

Statistical methods were initially 
used to improve the templates: some¬ 
times using multiple templates to span 
the range of speakers and sometimes 
using clustering methods to form and 
define templates that captured not just 
the average values of features but the 
range expected as well. 

However, just as the mathematical 
technique dynamic programming 
provided an elegant way of solving the 
problem of aligning sequences, it became 
clear that the use of statistical modelling 
provided a way in which much greater 
generality could be obtained. 

The two were combined in the 
mathematical process known as 
Markov modelling. 

Markov models as a 
mechanism for speech 
production 

So far the idea behind speech recogni¬ 
tion has been described mainly in 
terms of matching the ‘unknown signal’ 
to a set of Tmown’ signals. However, 
another way of thinking about speech 
signals is intuitively more appealing 
with regal’d to the production of speech. 
Not only does this let us look at the 
problem from a different perspective, 

Figure 11—Markov model generator 


but it also provides a more general 
mathematical framework. 

Rather than thinking in terms of 
matching sound patterns directly, it is 
necessary to think in terms of‘What 
production model was most likely to 
have generated this sequence of 
sounds?’. 

Previously in this article the 
mechanism of human speech produc¬ 
tion was shown to be a process in 
which sound was produced by virtue 
of a set of articulators moving from 
position to position in a stepwise 
manner. One way of modelling this is 
to model speech as a sequence of 
sounds produced by a state model. 

For example, in pronouncing the word 
‘car’ the first state is a ‘c’ sound 
generator, the second state is a vowel 
generator normally producing the ‘a’ 
sound (or possibly an ‘aw’, ‘ia’ or ‘owe’ 
sound) and the final state is the V or 
‘ah’ sound generator. 

What is interesting about this 
representation is that by adding 
probabilities to the various state 
transitions we can create a machine 
which is capable of producing sound 
strings with variabilities in sound 
quality and duration that look plausi¬ 
bly similar to those of human speakers. 

One veiy simple way to imagine this 
is to think of each ‘state’ as containing a 
pafr of wheels similar to roulette wheels. 
One of these wheels contains a range of 
possible outputs in the ratio in which 
they actually occur in the real world. 

The second wheel simply has two 
segmentations: ‘stay* or ‘move’. Figure 11 
shows a three-state model which is 


STATE 1 STATE 2 STATE 3 



POSSIBLE OUTPUT c-a-a-a-r 

SEQUENCES ON k-a-ah 

SUCCESSIVE RUNS k-ia-a-r 

k-ia-ah - AN UNLIKELY SEQUENCE 
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Figure 12—Markov model using 
spectral features 


capable of producing a vast number of 
different, yet similar, sequences. 

The operation is as follows. A ‘run’ 
starts by spinning the first wheel and 
it stops at a segment marked ‘c’, which 
is the first symbol to be emitted. Then 
spin the second wheel associated with 
state 1; this says ‘go’, so we move to 
state 2. Had it stopped at ‘stay’ we 
would have remained in state 1 and 
respun the first wheel to obtain the 
next symbol. This process continues 
emitting ‘symbols’ according to where 
the first wheel stops and moving to the 
next state when the second wheel 
lands on a ‘move’ segment. In this case 
for example the sound sequences 
‘caar’, ‘kah’, ‘kiah’, ‘cower’ are all 
plausible patterns which can be 
produced from the model. 

If it were possible to find a way to 
select the model probabilities such 
that the range of output strings 
matched those spoken by the total 
population then clearly it could be 
argued that this simple model had 
captured the essence of each word. 

The fact that such a simple model 
is capable of producing sequences with 
properties similar to those of real 
speech is very attractive. Not only does 
it deal with variability in time and 
sound type, but it also provides an 
extremely compact representation 
which, in turn, means that computa¬ 
tion can be very fast indeed. 

Speech recognition using 
Markov models 

Real speech, of course, does not 
consist of discrete letter-like sounds, 
and most recognisers rely on the 
assumption that speech is actually a 
sequence of spectral frames that 
change fairly slowly. 

Such a model is shown in Figure 12. 
This shows pictorially the means and 
variances associated with each state. 

In a typical recogniser, each word 
in the vocabulary would have its own 
model associated with it and the 
recognition process works by finding 
which model best explains the actual 
sequence of sounds. 

In practice, a search technique 
similar to that of the dynamic 
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programming process above is used to 
simplify the recognition. 

Training of hidden Markov 
models 

The usual way to train a Markov Model 
recogniser is to use many examples of 
each word from as representative a set 
of speakers as possible. Typically, over 
500 utterances from speakers with 
different accents, different moods, 
different telephone lines and instru¬ 
ments are used in training telephone- 
line-based recognisers. 

The basis of training is now 
described. 

For each word in the vocabulary: 

1. Start with a set of states (say six). 

2. Partition every example in the 
training set into six equal time 
segments. The corresponding 
segment of each word will be used 
to set the initial estimate of 
statistics for each state. 

3. Average all the spectra for each 
segment and calculate the variances 
for each spectral feature within each 
segment. Allocate the values from 
segment 1 to state 1, values from 
segment 2 to state 2 etc. 

4. Set the transitional probabilities 
for each state to be 0-5 stay and 
0-5 move. 

This process provides an initial 
guess as to what the values and 
distributions should be. The next stage 
is a Tull climbing 5 exercise. Here the 


aim is to improve the allocation of 
frames to individual segments. One 
way of doing this is as follows: 

1. By using dynamic programming, 
match every word in the training 
set against the existing model and 
record which frames fall into each 
state. 

2. Use this new segmentation to 
update means and variances for 
each state. Also use it to re- 
estimate the transitional prob¬ 
abilities. 

This process can be repeated 
several times either until a limit is 
reached or until no further improve¬ 
ment is found. 

This process of re-estimating the 
values generates a model which 
captures the statistics of data 
presented to it. For more details of 
this and other training techniques see 
Reference 5, 6 and 7. 

Limits to current technology 

Although the technique of hidden 
Markov modelling is generally 
considered to be the most powerful 
technique available to date, it is 
important to examine where its 
limitations lie. This is particularly 
important from an implementation 
perspective as knowledge of these 
limitations will allow sensible choices 
to be made concerning the vocabulary 
used or the way in which training 
data is collected. 

As it is these assumptions which, 
in the end, are going to set bounds to 
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the performance that can be achieved, 
listing some of the more questionable 
assumptions is useful: 

• real speech originates from a 
Markov process—it doesn’t; 

• word sound patterns do not 
depend upon context—they do; 

• training data is always repre¬ 
sentative—in practice only a tiny 
proportion of the population can 
ever be sampled; 

• training in a ‘standalone’ fashion 
is adequate—there is not usually 
any attempt to exploit those 
features which discriminate 
between words; and 

• Markov models generalise appro¬ 
priately—they don’t. 

Other types of speech 
recogniser 

Most of this article has concentrated on 
the mainstream of progress in practical 
speech recognition and has followed a 
thread leading to the current methods 
used in telephony However, there have 
been other approaches which for 
completeness are described here. With 
the arguable exception of artificial 
neural network approaches, most are 
now recognised as actually being only 
special cases of the statistical Markov 
model approach. 

Knowledge-based systems 
During the 1980s there was a lot of 
activity in the field of artificial 
intelligence and not surprisingly a 
great deal of effort was directed at the 
problems of speech (and vision) 
recognition, mainly because these 
were areas that had not proved 
tractable to other means. The 
assumption made was that speech 
was produced and understood 
through a finite series of simple 
logical rules. As computers were 
excellent at following such rules, it 
was only necessary to capture these 
rules and the problem would be 
solved. 


Specific assumptions made about 
speech were: 

• speech consisted of invariant 
‘atomic’ components (phonemes), 

• phonemes could be described by 
fixed rules and hence recognised 
individually, and 

• rules determined the sequences of 
phonemes to make words and 
sentences. 

The difficulty was that neither 
rules nor phonetic units that were 
simultaneously simple and general 
could be found. 

Tb a large extent, Markov modelling 
provided the solution and bridged the 
gap by relaxing the need for invariant 
components. In Markov models the 
‘rules’ are encapsulated as probabilities 
and the traditional ‘phonemes’ are 
modelled as distributions of sub-word 
units. Tbday a number of large- 
vocabulary recognisers combine 
phonetic representations of words with 
the probabilistic models of sounds to 
get the best of both worlds. 

Artificial neural networks 

As has been indicated, many of our 
speech-recognition techniques have 
been inspired by physiologically based 
models, and research into artificial 
neural networks represents an attempt 
to extend this type of modelling further. 
What is particularly interesting about 
neural-network-inspired models is that 
they ‘naturall/ have a certain degree of 
discrimination built into them: they use 
the difference between classes as well 
as the similarities within each class to 
characterise patterns. While this 
property is by no means unique in 
pattern recognition (and it is possible 
to apply it to Markov models as well), 
it is such an emergent property of the 
neural-network technique that it is 
difficult not to believe that it is one of 
the key processes in human speech 
recognition. 

The appeal of neural networks is 
that they provide a different, possibly 
broader, perspective to the whole 


problem of pattern recognition, and, 
just as Markov models are now seen 
to have been a generalisation of 
dynamic programming, so certain 
neural network architectures may 
come to be seen as a generalisation of 
Markov models where the structural 
constraints imposed by the state 
model are relaxed. 

In neural network models, the 
performance achieved is determined 
entirely by the architecture and 
learning strategy of the neural 
networks as it is this which finds the 
key recognition parameters. At 
present, it is by no means certain that 
our current models of neural net¬ 
works are sufficiently close in either 
structure or scale to those of‘real’ 
neural networks to justify any of the 
assumptions required. On the other 
hand, even very simple neural 
networks tend to exhibit useful 
pattern-recognition characteristics, 
and such circumstantial evidence 
strongly suggests that there may be a 
lot to be learned by following this 
route. More details can be obtained 
from Reference 8. 

Implementation issues 

The performance of speech 
recognisers 

The implementation of all speech- 
recognition systems is dominated by 
one single factor—the fact that 
speech recognisers make errors. What 
is not immediately obvious is that 
there are several types of errors: 

• substitution errors—the 
recogniser responds to a valid 
input but gets it wrong; 

• insertion errors—the recogniser 
responds to an invalid input (for 
example, noise, spurious sound or 
an invalid word); and 

• deletion errors—the recogniser fails 
to respond to a valid input. 

All of these error types can be 
traded off against each other in any 
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Figure 13—Experimental results 
showing range of accuracies for 
different conditions 


application. For example, it is 
possible to reduce the number of 
substitution and insertion errors by 
accepting only those matches which 
are really good. The penalty for doing 
this is that many more correct 
responses will be falsely rejected. 

It is particularly important for 
applications engineers to be aware of 
the interaction between these error 
types because it is possible to achieve 
an extremely good substitution error 
rate by judicious selection of the 
acceptance thresholds, only to 
discover later that this apparent 
improvement has been bought at the 
expense of an unacceptable deletion 
error rate. 

Measurements 

A question frequently asked of a 
speech-recogniser provider is ‘How 
accurate is it?’ Unfortunately, to 
specify the performance of a speech 
recogniser in this general way is 
really quite meaningless because any 
accuracy figure depends upon the 
speaker types and their skill, the 
vocabularies used, the test environ¬ 
ment etc. A recogniser which delivers 
100% accuracy on one vocabulary 
with one talker may deliver only 15% 
accuracy with a different vocabulary/ 
talker combination. 

This is not to say that measure¬ 
ments of accuracy cannot be used to 
make a meaningful comparison 
between two or more recognisers, and 
the normal way in which this is done 
is to use statistical methods which test 
to see if one recogniser is, on average, 
better than another over a wide range 
of representative speakers, telephones, 
networks and word types. 

Figure 13 presents the results of 
an experiment in which different 
(digit) recognisers were compared 
within several environments. The 
recognisers tested included those 
which have been commercially 
available in recent years. 

The results show that the single 
factor having the greatest impact upon 
the performance of a recogniser is the 
speaker’s voice. This was the case for 
all recognisers, although some were 
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less variable than others. The 
telephone line was the second biggest 
factor with performance deteriorating 
as lines got longer. Words and 
recognisers came next with the 
telephone instrument being less 
important. This experiment also used 
two (relatively quiet) levels of back¬ 
ground noise and found that these were 
almost insignificant. This does not 
imply that background noise is 
unimportant, but merely indicates that 
in normal quiet environments a small 
variation in background noise (10 dB) 
is less important than the other factors. 

Telephony-based services and 
applications 

Telephony applications currently 
account for the greatest area of 
growth for speech-recognition 
applications. However, the integra¬ 
tion of speech-recognition into 
networks and particular applications 
can pose formidable problems and 
the specification of a speech 
recogniser depends upon where in 
the communications link it is 
positioned and how it must interact 
both with a host computer (for 
example, a database) and the 
network infrastructure. 

Typical services which employ 
speech technology are given in Table 1. 

Tb address this range of applications, 
the BT Speech Applications Platform 


Table 1 Typical Services Employing 
Speech Technology 

Voice Messaging 

Finance 

telephone banking 
stocks and shares 
insurance quotations 
credit card transactions 

Entertainment 

betting 

horoscopes 

games 

competitions 

Information Services 
timetable 
yellow pages 

Telemarketing 
promotions 
market research 

Teleshopping/Reservations 
theatres 
airlines 
mail order 


Field Operations 
data entry and retrieval 
field personnel job dispatch 
voice access to electronic mail 

Automatic Operator 
network services 
customer premises 
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Figure 14—Speech interactive service 



has been developed over recent years. 
This is a network-based platform that 
has all the interfaces and tools necessary 
to provide a rapid application using a 
range of speech technologies. 

Overall system model 

Figure 14 shows the key building 
blocks required by any speech 
interactive service. 

The speech output can be provided 
either by stored recorded messages, by 
a speech synthesiser or both. Stored 
speech provides the highest quality of 
output, but it is much less flexible 
than text to speech and it is not 
uncommon to come across systems 
that combine the best of both worlds 
by using recorded messages where 
possible and deploying text to speech 
to provide flexibility when required. 

The role of the dialogue controller 
is central to the whole system. It has 
the following functions: 

• Interrogating the host computer to 
And which item of information is 
required next. 

• Deciding upon the best strategy 
for prompting the user. This will 
depend both upon the require¬ 
ments of the application and its 
own experience of the current user 
and environment. 

• Configuring the recogniser. This 
will involve sending messages 
defining the parameters to use; for 
example, vocabulary content, 
grammar linkages (for connected 
words), time-in and time-out 
durations and rejection thresholds. 

• Monitoring and interpreting the 
messages returned from the 
recogniser. Typically the message 
will consist of an ordered list of 
words and associated probabilities. 

• Entering a ‘macro-dialogue’ either 
to check that the word recognised 
is correct or to prompt for a repeat. 
This will generally require that 
the recogniser is reconfigured on 
each cycle. 


• Formatting the information and 

returning it to the host. 

Categories of applications 

There is a fairly ‘natural’ partitioning 
of applications into groups which are 
primarily determined by vocabulary 
size. For example, at the simplest 
level (such as answering machines) a 
vocabulary of a few words—for 
example, yes/no—is sufficient. 

At the next level, a wide range of 
applications requires digit entries. 
Many modern telephones provide 
'Ibuch'Ibne® signalling, a fast and 
reliable method for entering digits 
which to a large extent removes the 
need for speaker-independent isolated 
digit entry for simple systems. 
However, reliable spoken connected 
digit input allows much more flexibil¬ 
ity and gets over the ‘formatting’ 
problem which arises when there is a 
need to use IbuchTbne® to input 
more complicated strings of numbers 
such as amounts of money. Tb ensure 
that a figure like ‘two hundred and 
thirty five pounds twenty seven 
pence’ is correctly entered using 
'IbuchTbne® is much more difficult. 
For such tasks, speech recognition 
becomes a much more attractive 
proposition. 

There is also a wide range of 
applications where other (non-digit) 
small vocabularies can be used. In 
general, however, the problem in 
deploying these is in finding ways of 
ensuring that the user will know 
(preferably without requiring any 
guidance) what to say. 

Examples of the types of ‘sponta¬ 
neous’ replies that will work are: 

• yes/no, 

• days of the week, 


© months of the year, 

® place names, and 

© types of service (‘divert all calls’, 

‘transfer’..), 

However, care must be taken in 
phrasing the prompt. For example, 
imagine a railway timetable service. 

A vague prompt such as When do you 
want to travel?’, will generally elicit a 
response like ‘Can I go the day after 
tomorrow and come back two days 
later’; whereas ‘On what day do you 
wish to start your journey?’ is more 
likely to elicit a single reply such as 
‘Monday’. Even more effective, 
although less friendly, is to say 
‘Please state on which day you need 
to start your journey’; this may help 
avoid replies such as ‘Monday please’. 
BT has been developing its own style 
guide to give its services a unique 
‘look and feel’ and which encourages 
good practice in this area 9 . 

Location of the recogniser 

Depending upon the application, 
recognisers may be located anywhere 
in the network. However, the signal 
characteristics, particularly in terms 
of bandwidth and the range of levels 
present, are so highly variable that 
different recognition strategies and 
training regimes need to be employed 
to ensure the best performance. 

Table 2 gives the main areas where 
recognisers can be deployed. 

k Glimpse of the Future 

The history of speech recognition is 
littered with false starts and unful¬ 
filled promises. However, there is now 
substantial evidence that applications 
are appearing in significant numbers. 
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Table 2 Main Deployment Areas for Telephony-Based Speech Recognisers 


Recogniser 

Performance 

Signalling Issues 

Cost 

Functionality 

Feedback Form 

Comments 

At telephone 

For repertory dialling. 

Limited to standard 

High per unit 

Digit dialling 

Audio or 

A number of 

or cellphone 

Cost/power issues may 

network interfaces 

cost with no 
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on telephone 
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On office 
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workstation 
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are not spread 
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spoken 
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over several 
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to use high-quality 
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users and are 

and local end 




local microphone 


therefore high. 

speaker 




gives good 


However, 

adaptation. 




performance. However, 


hardware may 

Answering 




incoming speech 


be used for 

machine 




quality will be worst 


other things 

functionality 




case 


as well 

possible 



At PABX 

Generally insignificant 

Integration with 

Spread over 

Speaker 

Speech or 

Includes 


local network losses 

switch allows 

many users 

dependent or 

fax only at 

Centrex types 


give good near-end 

local control 


adaptive 

present 

of applications 


recognition. Incoming 

of telephony 


recognition 




speech quality will 
be worst case 

system 


possible 



Network switch 

Allows many users to 

Signalling can 

Interfacing must 

Many centrally 

Speech or fax 

CALLMINDER 


share the same unit. 

be fully 

be carefully 

managed 

only at 

is an 


Near and far ends 

integrated. 

controlled to 

applications 

present 

example 


subject to similar 

All functions 

ensure no 

possible. 




recognition 

available 

danger to 

‘Pay as you 




performance 


switch 

use’ opportunity 




The first most significant change 
in accelerating the spread of services 
will be user familiarisation. Just as 
the initial trepidation of bank 
customers in interacting with cash 
dispensing machines instead of a 
human cashier has now reached the 
stage where many customers prefer 
the machine-mediated interaction, it 
is certain that a similar phenomenon 
will occur with speech input. Not 
only will customers become familiar 
with the technology, but they will 
develop their own styles of interac¬ 
tion. 

When this happens the applica¬ 
tions base for speech recognition will 
change radically. A secondary effect is 
likely to be the emergence of sub¬ 
languages for interacting with 
machines. These will be languages 
specifically tailored for people- 
machine interactions. 

The second change will be in the 
area of cost reduction. A decade ago 
even the cheapest marginally-usable 
speaker-dependent recogniser cost 
more than £1000. Tbday, it is possible 
to buy very-high-performance limited- 


vocabulary speaker-independent 
speech recognition in a chip-set for a 
few tens of pounds. This trend will 
continue with the price/performance 
ratio continuing to improve. 

The third change will be the 
deployment of language understand¬ 
ing methods to allow interactions with 
large databases. At present, most 
database query systems are accessed 
using proprietary queiy languages. In 
such cases, the recogniser must be 
constrained to provide outputs which 
fit the format of this sub-language. A 
really significant breakthrough would 
be the freeing of the database machine 
from the constraints imposed by the 
query language. However, it is difficult 
to see major progress here in the 
immediate future within the fairly 
rigid constraints of existing relational 
database structures. 

Finally, despite the fact that 
speech recognition is moving into 
applications, the performance of even 
the best speech recogniser still falls 
short of anything that can be 
achieved by humans. Not only can we 
recognise many words in and out of 


context but we can hear and under¬ 
stand words in noisy environments, 
can extract a single thread of conver¬ 
sation even when surrounded by 
many other people talking simultane¬ 
ously (the cocktail party effect) and 
can understand what is meant even if 
it does not correspond to what is said. 

In the past few decades, the digital 
computer has meant that it has been 
possible to put to the test many 
traditional theories of speech and 
language. Many have been shown to 
be either erroneous or ineffective but 
we have now reached a stage where 
we know which ones work best and 
lead to practical solutions. 

We are now in a situation where the 
barriers to better speech recognition 
are no longer those of inadequate 
supporting technology. Our greatest 
single need is better knowledge. For 
speech recognition to move forward 
again we must have a better insight 
into the fundamental processes of 
human listening and reasoning. In the 
meantime, many opportunities exist for 
exploiting applications of the technol¬ 
ogy for the benefit of customers. 
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Spatial Information Paradigms 
for Strategic Analysis 

Geographic information systems as a special case of 
meta-data in business information 


Engineering and 
planning data in the 
telecommunications 
environment can be 
extremely useful to those 
making commercial 
decisions. The challenge 
is to be able to link this 
data to wider information 
sources to maximise its 
effectiveness. This article 
discusses the issues 
involved. 


Introduction 


The construction of information 
models of aspects of BT’s current or 
potential business to support BT 
marketing strategists has identified a 
major fault-line or disjunction 
between information apparently 
useful and usable by professional 
telecommunications engineers, and 
information useful and usable by 
those charged with maintaining and 
increasing market share and develop¬ 
ing new products and new markets. 
The illustrative power of geographical 
information systems (GISs) has acted 
as the lens which has brought this 
disjunction into focus and many of the 
examples cited in this article are 
therefore shown by maps and dia¬ 
grams. The main point is that 
telecommunications engineers and 
planners can greatly assist BT not 
only by designing record systems 
about plant and customers from their 
own business viewpoint, but also by 
understanding how other information 
is in practice held about those same 
customers...who they are...what they 
do...where they live and go. Often 
this is collected outside BT in forms 
over which we have little control and 
an understanding of this wider 
information marketplace could 
transform engineering and planning 
data into more useful business 
information, and vice-versa. 

Spacial Concepts 

How and why we use spatial concepts 
is a fascinating problem for informa¬ 


tion systems designers, and is one 
which has only relatively recently 
come to the top of the heap of issues 
requiring our attention. This is 
probably because the technical 
characteristics of the devices which 
we can use to interact with informa¬ 
tion systems now allow us to actually 
see ‘as in real life’ how things look 
and where they actually are. This is 
of course implicit for real-time video 
links, but is beginning to be the case 
for stored information too as we store 
images, sounds, as well as descrip¬ 
tions and structured data for later 
use and analysis. We are able to begin 
to use ‘where’ ideas in our informa¬ 
tion handling processes in more and 
more realistic and natural ways. 

The short history of geographical 
information systems may seem fairly 
confused but might be understood as 
having involved for two quite differ¬ 
ent strands of human information 
processing activity: 

• the automation of map production, 

and 

• the automation of navigation. 

The resulting systems do not 
easily come together as they address 
quite different information problems, 
that of map-making and that of map- 
use, and it is becoming clear that, to 
say that spatial information handling 
has been successfully automated, 
these two activities must be under¬ 
stood as being sides of one coin. In 
considering this issue the reader 
should ask what is a map made for. 
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Other questions arise. Why map 
things at all? Why is one person’s 
map simply some marks or symbols to 
another? 

What is a Map? 


The best answer is to give examples: 
© a schematic diagram, 

• a public transport grid, 

© an aerial or satellite image, 

© a routing algorithm, 

© an A-to-Z city guide. 

We could ask whether these share 
any common features: they all share 
the feature of being smaller or more 
manageable than the things which 
they purport to map. They are 
stylised simplifications used to aid 
cognitive explorative activity; they 
guide one more ‘ignorant’ through 
another’s subjective interpretation of 
what exists; they contain or entirely 
consist of semantic clues which 
stylise some real-world feature to 
point it out or make it the obvious 
interpretation. The clues show the 
point behind the map, which is its 
intended use. The public transport 
grid irons out irrelevant topological 
complexity and shows where to get 
on, off, and change trains. The A-to-Z 
guide shows and cross-indexes named 
roads. The road atlas uses numbered 
roads and junctions. The Ordnance 
Survey 1:25000 Outdoor Leisure 
series maps show walking routes and 
passed sights very clearly. 

What is clear is that when the map 
becomes as detailed (the same-size?) 
as what it is a map of, then it is not a 
map but a facsimile. Obviously this 
doesn’t normally happen with physical 
artefacts other than dressmaking 
patterns or engineering jigs, but the 
limitations which seem obvious (you 
couldn’t roll up a full-scale map of 
anywhere) in the physical case aren’t 
so true when it comes to building 
information systems. The concept of 


scale doesn’t really seem to apply 
when the data is in digital form—it 
might give a clue to relative accuracy 
should the data have been captured off 
a paper map, or give some sense of the 
sensitivity of the data-capturing 
camera, but theoretically a computer 
could contain a spatial ‘model’ which 
‘is as big’ (detailed?) as the thing 
modelled. The obvious example which 
BT recent experience throws up is the 
question of when would a map of our 
network (if one were to zoom in 
continuously) suddenly transform 
itself into a schematic diagram? 

Should the repeated, generic data 
about the detail at one node be seen as 
spatial information at all, or should 
the idea of ‘this is a map’ stop at some 
point, and ‘this is now a diagram’ then 
start? While it may be an issue about 
the difficulty of current systems to 
integrate and handle spatial, qualita¬ 
tive and quantitative data, it is 
arguable that BT’s past weakness in 
this area is actually about a funda¬ 
mental conceptual confusion about 
maps and diagrams rather than 
anything to do with basic project 
skills. 

So the kinds of questions being 
addressed are: 

© Is a map a type of geographic 
information system, or a product 
of one? 

© What might digital spatial 
semantics be like? We talk about 
‘towns’, ‘roads’, ‘nearby’, ‘my 
house’, ‘the local exchange’, but 
can machines handle these ideas? 

© Have any semantic systems yet 
been made—what are good 
examples of working spatial 
language which have been success¬ 
fully computed? 

© Are they complex mysterious 
runes or a rich open language? 

Is it sensible or foolish for informa¬ 
tion scientists to postulate some 
universal digital spatial information 
base able to generate maps, rules, 


tools, views, aids, plans, whatever, for 
the endless list of human subjective 
purposes? Or is this some kind of 
classical early-Wittgenstein-style 
‘Tractatus Logico Geographicus’ 
which may in time prove a melting 
vision—some real fundamental error? 
Indeed what is the intellectual 
function of believing this current 
dream of the GIS industry? 

What is a Digital Map? 


Building from the earliest work in 
producing reproducible, scalable, 
maintainable record systems able to 
drive large colour plotters and replace 
human draughtspeople, the informa¬ 
tion elements usually have included 
two basic types of information: 

# Vector coordinate records for points 
which can be combined to form 
lines or closed shapes representing 
earth-surface objects. These follow 
real-world coordinate spaces like 
latitude and longitude, and can be 
mathematically transformed into 
projections such as the national 
grid which fulfil localised needs 
such as best-fit of the total area of 
interest on a standard paper 
dimension. 

@ Raster bit-images , which are either 
the print or screen image of all the 
many stacked layers of vector 
data, as well as filling colours and 
labels, or an actual scanned 
photograph from photogrammetric 
or satellite imaging, which can be 
manipulated as an entire digital 
object using rubber-sheet geom¬ 
etry and used as a kind of realistic 
‘wallpaper’ against which to 
project vector layers which 
highlight features. 

Early vector digitisation simply 
captured marks on hand-drawn maps 
and was essentially unconcerned 
about what they were marks of as 
long as the resultant record structure 
enabled the plotting of masters for 
the suitable colour printing process. 
This resulted in a split between 
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Figure 1—Spacial data entities 



enclosedArea ...(sometimes called Faces) 

( 

<startingVectorLink>, 

} 

vectorLink ...(sometimes called Edges) 

{ 

<startNode>, 

<endNode>, 

<rightEnclosedArea>, 

<leftEnclosedArea>, 

<directionOfDigitisation>, 

<pointerToCoordinateSet>, 

<angleOfVectorSegmentAtStartNode>, ...(can be computed on the fly) 
<angleOfVectorSegmentAtEndNode>, 

) 

node 


<attachedVectorLinksList D >, 
<pointerToCoordinateSet> 


spatial description (the X, Y, Z) and 
attribute description (this is a point 
on parish boundary, also a road kerb, 
also the boundary of Leicester, also a 
postal sector edge, but actually it is 
the A4342 and at the moment you 
can’t drive north in this direction...) 
which had somehow to be resolved 
later. Of course the coordinate triples 
seem inviolate, pristine, somehow the 
fundamental pure entity to which the 
attribute list can be applied, but it 
isn’t true because as the very point 
data was captured off a paper map it 
implied that it was a point of interest 
for someone already with a set of 
subjective attributes in its baggage. 

During the next phase of GIS 
development, the main direction has 
been to impose some kind of order to 
this essentially unordered or 'spa¬ 
ghetti’ digitised data, by the general 
acceptance of link-and-node data 
structures which enable fundamental 
geometric entities of both point 
entities, and linked sets of points to 
be organised into coherent record 
structures, and thus if needed into 
networks, and polygons enclosing 
areas of ownership, interest, or 
fundamental type. This allows the 
actual spatial data (X, Y, Z) to be 
stored in some huge less-classified 
heap, while meta-data about the 
coordinates is described separately, 
typically in structures which support 
topological tracing of both enclosed 
area polygons, or network traversal. 

A plausible data structure (with loads 
of data redundancy) might resemble 
that shown in Figure 1. 

There seems general agreement 
that the kind of data structure shown 
in Figure 1 supports most of the 
information processing we may want 
to do with vector data, and various 
implementations of this kind of 
approach are common although not 
uniform. Some issues about actually 
making the unordered mass of sets of 
coordinate strings (which were 
typically digitised manually), actually 
start and end at nodes, and for link 
records to be accurate, do exist, and 
many GIS implementation issues 
arise from data integrity. 


1 

coordinateSet 

{ 

<SegmentListOfXYZtriples 0 > 

) 

enclosedAreaSet 

( 

<attributeListO>, 

<enclosedAreaListO> 

) 

networkSet 

( 

<attributeListQ>, 

< vectorLinkLis 10 > 

) 

pointSet 

{ 

<attributeListD>, 

<nodeListQ> 

} 

The task of converting BT digital 
map data (see Figure 2) for exchange 
locations and boundaries from the 
network planning Intergraph system 
for use in the BT marketing spatial 
analysis toolkit required the creation 
of an entire link-and-node description 
layer for wholly unordered sets of 
coordinates of 6000 exchange bounda¬ 


ries for the UK, and the manual 
repair of‘overshoots and undershoots’ 
in digitisation. Only then could any 
enclosed area identifiers be applied 
(exchange 1141 codes) and that 
achieved by point-in-polygon analysis 
of exchange XY locations derived from 
an altogether different network 
planning data set, and only after 
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Figure 2—UK map ofBT exchanges 


verification and cleaning of duplicates 
could attribute sets be applied to 
permit attachment of business 
information to these spatial entities. 
Then we could start using all this in a 
commercial context to analyse 
attributes (numbers of customers 
with this, or that...) in a spatial way. 

Of course raster data is essentially 
just a bitmap with certain ‘handles’ or 
digitised surface points for rubber-sheet 
transformation and much work now 
focuses on deriving vector data includ¬ 
ing Z coordinates, links, and nodes, 
from raster images using imaging 
techniques. Interestingly the printing 
process to generate paper maps from 
vector data actually requires a reverse 
vector-to-raster transformation with 
considerable manual tweaking to get a 
good print image and a coherent 
representational style for intersecting 
roads and features that physically are 
co-located but need to be visually 
distinct for the map to work. This 
demonstrates the conceptual gulf 
between a GIS and a map. 

Some Current Problems 
with Digital Maps 

The most common problems being 
encountered in geographic systems at 
present are about merging data 
created for one human activity with 
data plausibly about the same thing 
but coming from a quite different 
direction. From the description above 
of how spatial data is actually 
digitally organised, it probably is 
clear that the kinds of things that go 
wrong are as follows: 

• What you are interested in just 
hasn’t been digitally captured yet. 

• The objects you are interested in 
are partially, differently, or 
incoherently described in another 
data set because the meta-data 
has not been written even though 
the base data might be digitised. 
You might be able to see the 
feature visible but it is not 
referenced in a way that makes 
sense to your information base. 



• The attributes or geocoded 
descriptors are ‘too firmly at¬ 
tached’ to discrete polygon, link, 
node or even coordinate records 
rather than residing in a meta¬ 
data layer as information about 
the links, nodes, and areas (which 
are themselves meta-data about 
the coordinate records). Un¬ 
normalised repeated sub-fields of 
identical coordinate strings in 
possibly a quite different node 


and link structure may coexist in 
the same data set, so that, say, a 
co-locating road, boundary, edge 
of a building may not be struc¬ 
tured in the manner described 
above but be explicitly repeated 
in the data. 

The commercial attractiveness of 
dynamically merging spatial informa¬ 
tion at one point of need, for say 
tourist information kiosks, or legal 
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conveyancing services, into custom¬ 
ised user packages about: 

• water, electricity, gas, CATV, 
telephone network plant; 

• road and rail links, nodes and 
timetables; 

• traffic information and routing 
data; 

• local authority land use and title 
deeds; 

• what’s on where and when; 

• accommodation and booking 
services; 

• demographic information 

may drive toward a common data 
standard for spatial reference, but it 
has not happened anywhere yet and 
will require a great deal of work 
before it will be feasible. 

The level of success at automatic 
feature extraction from semi-struc¬ 
tured spatial data is not yet ad¬ 
vanced, and uses attempts to create 
topological descriptions from what is 
there both by inference, and by 
decomposition. 

Inference works by saying that a 
road mid-line digitised for some 
navigation application should always 
plausibly be inside a pair of road edge 
or kerb lines even though only 58% of 
the ‘nearest edges’ by that criteria are 
actually described as kerbs, so an 
additional ‘kerb’ descriptor might be 
applied to the remaining 42% 
candidate edges which might up to 
now be called building edges, or 
parish boundaries. This is fuzzy logic 
in operation. 

For decomposition an ‘imaging 5 
technique can transform the entire 
vector data set into a three-dimen¬ 
sional array in which each vector layer 
creates a horizontal element set in a 
plane and every single vertical stack of 
cells in the array contains data about 
that point on the ground. Each cell has 
a single identifying tag according to 


the scale of decomposition—so this bit 
of world is a ‘1 metre by 1 metre chunk 
of road type X’ and ‘has water pipe 
owned by Thames Water at 3 feet deep’ 
and ‘is in Kingston-upon-Thames’ and 
‘is in KT2 5TH postcode’ and ‘is at 120 
feet above sea level’. Analysis by this 
decomposition is referred to as map 
algebra and is pretty heavy on 
machine resources and again fairly 
fuzzy. 

What all these techniques are 
doing is trying to bridge the gap 
between what information has 
actually explicitly been put into a 
system and what you need to get out. 
You may think it is in there, and a 
map produced by the data may even 
plausibly mark it, but it is not really 
in there at all, or not in a way that 
relates to how all your other ways of 
talking, thinking about or processing 
information might refer to it. 

Detail and Gestalt 

From the discussion about extracting 
information from highly granular 
detail comes the issue of exactly how 
detailed do you need to be to support 
strategic decision analysis with maps 
for data visualisation? Marketing 
data is generally incomplete and has 


a confidence factor built in. A decision 
with half the data but in half the time 
might be best for business. How 
exactly can locations of a whole range 
of types of things be actually found in 
order for at least some kind of 
aggregation to be possible, and how 
accurate need they be? Will the 
nearest town do? Even in a road 
navigation system, if your engineer- 
driver is sighted do you actually need 
to pinpoint the manhole to 10 
centimetres, or just tell him which 
road it is in? 

This is precisely the domain of 
conflict between traditional telecom¬ 
munications engineering approaches 
to spatial information, and that 
actually needed by those who will 
market the company’s products, and 
decide what those products should be. 
The picture of central London, taken 
from a BT digitised map, in Figure 3, 
shows an excessive attention to detail 
but with absolutely no machine 
extractable business information; in 
it there are labels but these are not 
logically attached to the roads or 
buildings, which have no existence as 
data entities to which information 
(which does exist) could be attached. 
The telephone number points are 
placed by approximation from a 


Figure 3—Detailed London map with no information that is processable 
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Table 1 location’ Entity Decomposition 


1 Fundamental Entity/Super Entity Definition 

LOCATION is how BT refers to where its plant and services exist or should exist, where its competitors’ plant and services exist or may exist, 
and where and how parties can or could be reached by its services or competitors’ services, its sales and engineering people, and its postal 
mail messages and bills 


2 Decomposition of Fundamental Entity/Super Entity 


Fundamental 

Entity 

Breakdown 

=>subtype 

Data Type 

Example 

Description/Definition 

LOCATION 

Spatially accurate 
or exact geoposition 
or set of positions 

(in latitude/longitude 
(or local grid) 
derived from 
surveying, map 
digitisation, 
satellite global 
positioning, 
aerial imaging, 
or scanning from 
paper maps) 

Vector Data: 

Point entity (node) 

Link entity 

Exchange location in 
national grid (xy) 

Customer private circuit 
end point (xy) 

Cellular transmitter (xyz) 

Cable junction, road 
junction (xy) 

Network segment or road 
segment digitised from 
map in topological form 

Node-and-link vector data structure enables 
network traversal, point, link and polygon 
feature extraction, point in polygon 
analysis, with suitable attribute assignment 
to node, link, and enclosed area (polygon) 
entities 

Follows topological rules in its format as 
well as geography 



Polygon entity 

Exchange boundary, 
postal sector boundary, 
census ward, buffer 
coverage zone around 
cable link or cellular node 

Allows aggregation, territory 
management, data visualisation, and is 
(usually) constructed of topological links 



Trajectory 

Microwave, tropospheric 
scatter, satellite uplink 

Typical transmission or reception as in 
ballistics 



Spaghetti data 

Typical BT WN digital 
map base in Intergraph 
format 

Unstructured into node-and-link format and 
without attributes 



Raster Data 

Aerial or satellite images 
scanned maps 

Manipulate background for realistic 
superimposition of vector data features and 
for vector feature extraction by image 
analysis 




Attributed raster cell 
arrays 

Decomposition of multi-layered vector data 
and image-derived point data into a notional 
3D array of single-attribute cells suitable 
for map algebraic analysis 




Screen or print image of 
vector data 

Presentation output of vector data suitably 
processed for visual use 


Pragmatic or 
workable 
expression, 
rule or artefact 
for location 

Postal address 

Full or partial address 

Postcode, zip code etc 

Country, state, county, city, 
suburb name within 
address data 

Allows delivery of mail and people, and 
approximation of real world location by 
fuzzy matching within a hierarchical 
framework of rules, algorithms, and 
‘sounds-like-’ (for foreign languages)— 
is very dependent on the country of 
interest 



Transport network 
reference (named 
road, rail point or 
link) expressed as 
start, end and 
direction (with 
speed and time) 

‘Autoroute’, 
vehicle tracking 
drive-time analysis 
mobile market, 
routing schedules 

Relies on node and link topological data 
but permits time and distance 
and ‘buffering around’ analysis, 
tracking of moving points within a 
spatial frame of reference and drive-time 
analysis to create reachable catchment 
areas 



Map 

Photograph, 

sketch, 

detailed vector drawing, 
schematic 

Leverages human perception (gestalt) and 
semantics to allow often minimal, 
selective or stylised world detail to allow 
effective communication 
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postcode-to-grid lookup table and are 
fuzzy. But even though fuzzy, if we are 
viewing thousands of such points we 
see them cluster and can make 
planning decisions. Meanwhile, the 
meticulously digitised map acts as 
some backdrop; a scanned image 
would do just as well. 

lb get around all this confusion, it 
might be desirable to construct a 
pragmatic, fuzzy, location fixing tool 
which uses a variety of approaches to 
get a best-fit for a strategic problem. 
Table 1 suggests how such a tool 
might work. 

Conclusion—Where is BT in 
all this? 

It seems to be a core concept rooted 
deep in telecommunications engineer¬ 
ing history that some circuits are 
charged by actual point-to-point real- 
world distances; hence we have 
meticulously recorded actual coordi¬ 
nate points for each exchange, and for 


some private wire end points but 
often we never actually named these 
points as data entities which we could 
link to commercial business records. 
Having in the last few years brought 
this digitised vector data to bear on 
marketing analysis issues, we have 
now an increasingly rich picture of 
BT’s spatial information. In adding 
commercially acquired vector layers 
for the full AA road map set, postal 
Area, Sector, and full postcode points, 
census ward areas and the like we 
have a workable reference model for 
the UK for many kinds of strategic 
business analysis. For the rest of the 
world, a very complex situation exists 
in that the quality of digitised data 
available is mixed; mechanisms (ZIP 
codes, postcodes etc.) for location-by¬ 
address vary country by country if 
existing at all. We have available a 
world dataset but it lacks much in the 
way of meta-data and can only act as 
essentially wallpaper for incremental 
enhancement. City detail in the UK is 


probably to be addressed by the 
External Plant Records project as a 
raster layer to which node points 
linked to plant record data will be 
applied, but even this focuses more on 
what is in the ground than what 
should be in the ground. For this 
latter analysis it is strategic informa¬ 
tion about customers and competitors 
which will need to be integrated with 
such engineering data; the challenge 
to the company is to unify network 
and marketing data in a single 
information resource so each disci¬ 
pline may share a single approach 
(see Figure 4). 

The tasks ahead could include 
restructuring all our existing vector 
data into proper meta-data layers in 
common data structures and eventual 
use in whatever user analysis or 
network design tool is needed. In 
approaching new applications the 
company should manage its spatial 
information assets more coherently 
than it has in the past and, recognising 


Figure 4—World map detail showing potential business customers in North Italy near potential Tymnet nodes. Generated from 
DCW map data and marketing strategy address data 
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the peculiar feature of digitised spatial 
data—its high cost to license and 
inflexibility when in rigid data struc¬ 
tures—avoid as far as possible imple¬ 
menting custom solutions which may 
prove expensive and difficult to develop 
and maintain. The peculiar role of 
multi-layered meta-data in GIS which 
can make a system you may find quite 
useful actually not any use to the rest 
of the company even though it seems 
to be ‘about* the same things and 
places is a quite difficult concept to 
grasp, and is not one which has yet led 
to off-the-shelf GIS tools Tor all 
seasons’. GIS is an immature market, 
is expensive to enter, and can bankrupt 
those who jump without thinking twice. 

The golden rule for anyone 
wanting to add to the set of spatial 
information resources might be this: 

‘If something is worth 
putting on a digital map it is 
worth rinding out how to 
name it as an entity, prefer¬ 
ably as a type of entity on 
which someone already 
keeps information....* 

It can then be cross-referenced, 
sorted, highlighted, analysed, targeted, 
summarised and linked to existing 
data. Of course I would not pretend 
that BT is yet ready to offer the full 
kind of information resource manage¬ 
ment support for those with spatial 
information processing needs, with full 
spatial data dictionaries, but perhaps if 
enough people could approach this 
issue from the described viewpoint of 
meta-data, layered data about data, 
then both considerable time and energy 
could be saved and the very consider¬ 
able business advantages otspatial 
information processing more easily and 
beneficially applied to even more 
pressing business issues than has 
already been achieved. 

Any spatial information in your 
systems is potentially vital to your 
colleagues as it about a very shared 
thing...that space we all live in and 
talk about... 

‘Where* is ‘Where it’s at, man*. 
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is now formally supported by D&P, 
has a help desk, and was successfully 
presented in D&P Innovation ’94. It is 
being widely applied across BT to 
solve many strategic business 
problems. 
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Bernie Rowlands 


ITU Network Management 
Development Group Meeting, 

Brazil, 1993 


The annual meeting of 
the ITU Network 
Management 
Development Group was 
held in November 1993 in 
Brazil. This aj'ticle 
summarises the function 
of the group and the 
topics covered at the 
meeting, including a 
paper presented by AT&T 
on the car bomb attack on 
the World Dade Centre in 
New York and its effects 
on telephone service. 


Network Management 
Development Group 

The Network Management Develop¬ 
ment Group (NMDG) exists to 
encourage wider international 
participation in the identification, 
development and implementation of 
network management activities and to 
share the findings of member coun¬ 
tries. The group reports to the Interna¬ 
tional 'telecommunication Union (ITU) 
Study Group 2, which deals with 
service operations issues concerning 
the 170 member countries of the ITU. 

The NMDG has a 3 year work 
programme centred on the principles of 
freely interchanging advice and data on 
network management and allied 
activities. While the group concerns 
itself broadly with network traffic 
management issues, the scope of its 
remit is sufficiently wide to include 
issues such as support system develop¬ 
ments, signalling management and 
disaster management. These can be 
broadly grouped as shown in Figure 1. 

NMDG Annual Meeting, 1993 


The NMDG’s annual meeting is hosted 
by a member country—in 1993, 


Ifelebras, the Brazilian state telephone 
company, hosted 51 delegates from 18 
countries representing over 30 
operators and suppliers. 

A total of 27 papers were 
presented covering the following 
functional areas: 

• review of major events and peak- 
day traffic events impacting the 
network; 

• planning to avert network failures 
and national disasters, 

• network management controls and 
techniques, 

• automatic network management, 

• common-channel signalling 
network management. 

Papers of particular 
interest 

The range and scope of all the papers 
were valuable and gave an up-to-date 
view of network management develop¬ 
ments in European, American, Pacific 
Rim and third-world countries. A 
necessarily brief summary of some of 


Figure 1—NMDG work areas 


TRAFFIC MANAGEMENT 

CENTRES, PLANS, SYSTEMS, SWITCHING, 
NUMBERING CHANGES, TECHNIQUES, CONTROLS, 
SIGNALLING SYSTEM No. 7, 
ARTIFICIAL INTELLIGENCE 



THEORY/RECOMMENDATIONS 

RECOMMENDATIONS, 
TRAFFIC THEORY, 

ITU ACTIVITIES 
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the challenge to the company is to unify network and 
marketing data in a single information resource so each 
discipline may share a single approach 


the more significant papers is included 
here together with a more detailed 
review of an AT&T paper covering the 
World Trade Centre terrorist explosion. 

Signalling System No. 7 
Management 

A paper by Tblstra Australia gave an 
interesting insight into the PITs 
experiences with Signalling System 
No. 7 (SS7) management. The author 
was frank about the problems 
experienced and advocated very tight 
management to avoid problems. Five 
major areas were identified in need of 
careful management: 

• software quality/integrity, 

• network design topology, 

• network management and disaster 
planning, 

• operational and implementation 
procedures, 

• planning and design rules. 

Many practical examples were 
given where conventional thinking 
based on traffic management fell 
down and more rigorous procedures 
had proved essential. These included: 

• avoidance of circular routings 
which can be difficult to identify in 
complex networks; 

• design rules; for instance to avoid 
putting all signalling links in the 
same cable/duct/fuse supply etc; 

• improved specification standards; 
examples were quoted where 
manufacturers were allowed to use 
spare slots in message sequences 
for their own purposes which 
resulted in interworking compat¬ 
ibility problems with different 
manufacturers’ systems. 

The following parameters were 
identified for sound SS7 manage¬ 
ment: 


• manufacturers must be given very 
stringent specifications; 

• telecommunications authority 
design and roll-out rules must be 
followed without deviation; 

• disaster recovery plans must exist; 

• a management control system 
must exist, but kept simple; 

• managing SS7 is a company-wide 
issue; 

• the network is a hands-off one and 
must be treated as such. 

Traffic Management 
Developments in Europe 

Papers were presented by Tblia 
Sweden, Deutsche Bundespost and 
Tblecom France. These gave a useful 
progress report on current traffic 
management developments in the 
three countries. 

The Swedish paper gave a good 
picture of Tblia’s (formerly Swedish 
Tblecom) plans to roll-out an Ericsson 
Tblecom Management Operations 
Support System (TMOS) technical 
platform. Swedish Tblecom had 
started out like most with a series of 
standalone systems covering traffic 
management and planning/utilisa¬ 
tion. They went through the phase of 
attempting interconnection which 
proved to be expensive and ineffi¬ 
cient. The administration has now 
taken the major step of investing in 
an Ericsson TMOS. One of the 
reasons for choosing TMOS was seen 
by Tblia as the advantages it gave in 
creating well-defined interfaces 
between the applications and the 
data used, thus allowing data to 
become a common resource available 
to others. The concept is a three-layer 
system with a top layer supporting 
applications such as planning and 
traffic management. The central 
layer is an integrated TMOS data¬ 
base. Below this sit element applica¬ 
tion handlers supplying information 
to the database in standard format 


and drawing data from the network 
elements in standard Q format. 

The system will operate on Sun 
and Hewlett Packard workstations 
with physically distributed databases 
interconnected by a 2 Mbit/s local 
area network (LAN). Each geographic 
region is planned to be supported by 
its own database. The system will 
open in 1994 managing 200 network 
elements and switches and it is 
planned to grow to 300 switches and 
5000 routes by 1997. The final 
network will have an international 
centre, a national centre and eight 
regional centres. 

The German approach was 
characteristically thorough but with a 
relatively slow roll-out. 

The German PTT developed their 
traffic management concept in 1990 
and expect to have a comprehensive 
operational system in place by 1997. 

Tb date they have defined a trial, 
invited 30 manufacturers to tender, 
subsequently reducing this to three 
and later to two successful tenders. 
Two pilots have been opened—one for 
each manufacturer and each with four 
switches connected. By mid-1995, the 
trial will have been evaluated and the 
geographic coverage extended with 
some 46 switches connected giving a 
traffic overview of them transit layer 
(top layer) of switching. Experience 
with this trial will give the necessary 
confidence to implement national 
standards and roll-out a comprehen¬ 
sive system with a national centre in 
Bamberg. The goals are economic 
usage of the network with quality of 
service safeguarded. 

By contrast with the Swedish and 
German approaches, the French gave 
a presentation of their second genera¬ 
tion of traffic management develop¬ 
ment which had been in operation for 
two years. This had been preceded by 
a first-generation development which 
was operational in 1980. 

The current French system has 
three significant features: 

• Tt'ansmission system management 

Data from both analogue and 

digital transmission systems is 
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collected via interfaces developed 
by 'Iblecom France and using their 
Sparte system. This permanently 
monitors performance and avail¬ 
ability and in the event of failure 
can automatically switch at the 
140 Mbit/s level. The service 
protection network is centrally 
controlled and managed. 

# Signalling system management An 
application called PSG, which 
went into service in 1991, moni¬ 
tors quasi-associated signalling 
routes and STP working. Monitor¬ 
ing includes circuit, circuit group 
and STP status. 

• Ti'affic Management The applica¬ 
tion supervisor 2G is used to give 
real-time traffic information on 
routes and switches. A further 
application known as Violette gives 
information in real time on call 
attempts. 

France 'Iblecom has connected 
both digital and analogue transmis¬ 
sion systems into their management 
centres and developed the necessary 
interfaces. The Transpac packet 
switch network is used to provide a 
communications infrastructure. 

Two levels of management centre 
are in existence, a national level with 
a single centre located in Blagnac near 
Tbulouse in southern France and 35 
regional centres responsible for the 
lower parts of the network hierarchy. A 
separate centre exists for Paris. 

Use of Artificial! 

Intelligence in International 
Network Management 

A paper by KDD/Japan gave an 
interesting view of possible future 
developments in traffic management 
employing artificial intelligence. The 
KDD representative was a section 
manager in FDD’s international 
network management centre. A brief 
history of the development ran as 
follows. 

KDD established its international 
network management centre in 1986 


and started developing a prototype 
support system (NMEX) in 1987. A 
subsequent system NEMS com¬ 
menced in 1992 and was brought 
into service in 1993. NEMS was 
developed because of the need to 
restrain the likely need for growth in 
staffing the management centre. 
KDD’s previous experience in the 
mid-1980s indicated that artificial 
intelligence looked a promising 
development route, but at the time 
this was constrained by a lack of 
computing power. The computing 
power used by NEMS is between 5 
and 15 times faster than that used 
by NMEX and the artificial intelli¬ 
gence rule base has been increased 
from 260 to 1000. Processing power 
now used is 32 bit 29 MIPS com¬ 
pared with that previously of 16 bit 
0-8 MIPS. Language is OPS 83L and 
previously OPS 5C. NEMS is used to 
detect abnormal traffic conditions 
and uses its rule base to reason the 
likely causes. It does not apply 
network controls directly; this is 
currently left in human hands, but 
further studies are taking place in 
this area. The system reviews the 
following parameters: 

® routing data, 

® existing exceptions, 

© destination parameters, 

© route parameters, and 

© route status. 

Network status is examined by 
looking at exception reports in the 
above areas and assigning these to 
one of the following categories: 

$ sharply increased, 

® increased, 

constant, 

© decreased, and 
® sharply decreased. 


NEMS holds a copy of the routing 
database which is updated daily. 
NEMS suggests to the operator the 
most likely cause of the problem, the 
reasons for this and the appropriate 
controls to apply. Data used in the 
reasoning process is made available 
via a screen-based drill-down process. 

It is too early to form firm judge¬ 
ments in this interesting development 
but progress to date indicates the 
following: 

• The existing design gives high 
priority to speed of analysis and 
more accurate results will be 
available by trading speed for 
accuracy. It is expected that the 
measuring speed will be reduced 
to 2-3 minutes to give optimum 
balance between speed and 
accuracy. Ib allow for this, the 
system is being upgraded (comple¬ 
tion due 3/94) to optimise reason¬ 
ing speed versus accuracy of 
result. 

• KDD is optimistic that this will 
prove a useful development using 
an area of technology not previ¬ 
ously fully exploited. 

Future Standards for 
Switch Data 

AT&T presented an interesting paper 
entitled ‘Proposal of Discrete Data as 
Standards’. They identified the need 
to establish comprehensive interna¬ 
tional standards in the area of switch 
data. Work undertaken by AT&T over 
the past few years had shown that 
the signalling system management 
was subject to the effects of very short 
transient conditions which need to be 
carefully managed. The transients 
can occur too quickly to be seen by 
conventional traffic management 
systems sampling at 5 minute 
intervals. 

The switch data in question is 
binary, that is, a conditions exists or 
does not exist, and is reported by 
switches at approximately 30 second 
intervals. An example of such data 
might be a congestion status monitor 
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Figure 2—Explosion at the World 
Ti'ade Centre, New York 


indicating congested or non-congested 
status. Other examples are: 

• status of circuit groups carrying 
traffic or signalling data and 
either able or unable to terminate 
their traffic; 

• changes to signalling system 
status taking place at typically 
30 second periods such as conges¬ 
tion control messages from 
another signal transfer point; 

• switch multifrequency receiver 
capacity overflow status; and 

• status changes to common control 
resources such as increased usage 
or decreased usage. 

It was identified that the volume 
of such data could be considerable 
and extreme care had to be taken in 
presenting it to an operator. The key 
principle used was to display data in 
a matrix format and use simple 
pattern-recognition techniques 
developed after extensive human- 
factors research. 

AT&T had taken the principle 
into practice and they used discrete 
data to trigger network controls 
automatically. To avoid the unwel¬ 
come effects that momentary 
transients could have, the controls 
are applied progressively and major 
changes are based on receipt of 
continuous evidence of network 
status changes. 

Although the principles have 
evolved out of AT&T’s work on 
signalling system management, they 
contended that the principles held 
good to supplement information 
derived from conventional traffic 
management techniques. Without 
agreed international data standards, 
AT&T could only extract data from 
their own manufactured switches 
such as 5ESS and they were keen to 
see international standards set to 
allow this area to be opened up 
further. The paper was received with 
interest and the work area seen as 
appropriate for further study. 


Terrorist Attack on World 
Trade Centre, New York 


The explosion at the World Ti’ade 
Centre (WTC), the subject of an AT&T 
paper, remains the most significant 
terrorist event ever in New York State. 
The WTC building normally houses 
50 000 people with thousands of 
additional visitors on any one day. It is 
a major international site known 
throughout the world. 

The explosion was caused by a 
terrorist car bomb placed in the car 
park in the basement of the WTC. It 
caused a major disruption to the New 
York telephone network and attracted 
worldwide media attention. The 
explosion was very extensive and 
caused all buildings in the locality to 
shake; smoke and fire occurred in the 
area of the explosion and, as a result, 
commercial power to the area was 
cut. Although the WTC building was 
seriously damaged in the basement, 
the remainder of the building re¬ 
mained sound. 

The power cut resulted in the 
three Nynex public network switches 
(see Figure 2) located on the eighth 
floor of the WTC switching to emer¬ 
gency stand-by power. However, a 
state of emergency was declared by 
the authorities and the water sup¬ 
plies were cut off as part of the 
emergency procedures. This resulted 
in the failure of the three stand-by 
water-cooled generators. It is inter¬ 
esting to note that because of fire 
restrictions, fuel and cooling water for 
the stand-by engines are pumped 
externally up the building to the 
eighth floor. As a consequence of the 


power failure, the three switches fell 
back to 4 hour stand-by batteries. 

The cables feeding the WTC 
exchange survived the explosion, the 
force of which ripped the cables off 
their supports where they passed 
through the car park area, but the 
cables flexed and did not sever. 

An orderly evacuation of thou¬ 
sands of people from the whole area 
commenced as emergency services 
implemented pre-planned evacuation 
procedures. 

Nynex staff responsible for tel¬ 
ephone service in the area were 
located in the Nynex network control 
centre close to the WTC building. The 
control centre was hit by the power cut 
and many workstations not connected 
to uninterrupted power supplies went 
down. The use of uninterrupted power 
supplies was limited for economic 
reasons, which is perhaps surprising 
given the scale and sensitivity of the 
geography served by Nynex. 

The centre had, however, just 
commissioned an AT&T Netminder 
Network Trouble Pattern Surveillance 
System (Netminder NTP), which is 
capable of surveilling both public 
switch voice services and advanced 
network services, and was connected 
to an uninterrupted power supply. The 
system was originally developed with 
the objective of managing common- 
channel signalling and the availability 
of this support system was instrumen¬ 
tal in enabling Nynex to manage the 
crisis effectively. The Netminder 
system draws on both call and switch 
data from many exchanges in the New 
York area including the three in the 
WTC building, which alone totalled 
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over 70 000 lines. Typical failure 
information made available by 
Netminder includes: 

@ time of event, 

© reporting switch, 

© digits received/transmitted, 

® failure symptoms, 

© circuit group affected, and 

© circuits affected. 

The system also correlates switch 
failure data and common-channel 
signalling failure data. Netminder is 
capable of exhibiting data within the 
normal 5-minute traffic measurement 
period used by many conventional 
traffic-monitoring systems. This 
enables the system to identify very 
rapid changes in the state of the 
network, which is critical for effective 
management of signalling systems. 

The bomb explosion affected the 
WTC and immediate area, but the 
crisis grew quickly when six TV 
channels serving the area went off 
the air because their transmitters 
were located on top of the WTC 
building and were thus affected by 
the power cuts. When this happened, 
the New York public switched to 
another TV channel transmitting 
from the Empire State Building. This 
channel proceeded to transmit a news 
flash entitled ‘Tbrror in the Tbwer’. 
This created great alarm with the 
general public, many of whom had 
relatives in the WTC building. 

The effect was a huge and immedi¬ 
ate focused telephone traffic overload 
to the three WTC switches in the now 
unattended WTC building. At the 
Nynex Centre, the Netminder NTP 
kit picked up multifrequency receiver 
attachment delay reports caused by 
the incoming calls to the three WTC 
switches being unable to locate 
sufficient incoming MF receivers. 
Netminder NTP identified that no 
specific numbers in the WTC building 
were being called. 


The WTC building and the 
surrounding area were evacuated and 
telephone traffic controls had to be 
applied to deal with the call build-up. 
This was done by blocking calls to 
congested switches at source and 
reducing traffic sufficiently to allow 
outgoing calls to materialise. During 
this stage of the crisis, Netminder 
was used effectively to identify a 
shortage of emergency operators 
dealing with the 911 (our 999) 
service, as large numbers of calls 
remained unanswered at the emer¬ 
gency centre but no evidence existed 
of switch blocking. 

Heavy telephone traffic congestion 
occurred in the whole area surround¬ 
ing the WTC throughout the day. TV 
stations broadcast emergency 
numbers for special classes of 
emergency service and Netminder 
NTP was used to monitor the state of 
the emergency services throughout 
the emergency. Rerouting commands 
were applied where necessary by the 
control centre to overcome local 
congestion problems. The depth of 
detail available from the Netminder 
system complemented conventional 
traffic monitoring and gave greater 
detail of specific calling patterns and 
call failure detail, making possible 
more informed management deci¬ 
sions. 

The three switches in the WTC 
building remained operational, 
supplied by the 4 hour stand-by 
battery, and the problem presented to 
the Nynex engineers as battery 
capacity reduced was solved in a 
novel way. The three switches were 
remotely reconfigured in data from 
duplex processor working to simplex 
working; the resulting reduced load 
extended the battery life by a further 
three hours, which was just long 
enough for commercial power to be 
restored. 

After the immediate crisis was 
over, Nynex staff used Netminder to 
detect and count unanswered calls to 
PBXs in the area and from this to 
create a prioritised list of customers 
from the 10 000 companies affected 
by the disaster. The list was used to 


help direct and support sales of 
restoration and call-forwarding 
services to high-usage customers. 
Apparently Nynex’s customers were 
very satisfied with the telco's speed of 
response and were prepared to pay a 
premium for prioritised restoration of 
service which they saw as a valuable 
offering. 

Discussion with the presenter of 
the paper elicited the following 
information: 

• detailed recovery plans existed for 
major customer buildings in New 
York including the World Trade 
Centre, 

• the cellular service was used 
heavily as an expedient and 
prearranged plans existed 
whereby both cellphone and base- 
station capacity can be augmented 
quickly to meet unforeseen 
situations. 

In summary, the AT&T paper 
indicated that Nynex had handled a 
major network event effectively. In 
doing this, they had made good use of 
support systems, which played a key 
part in the early stages of the 
emergency and later when sales staff 
used the information to support a 
sales drive aimed at companies in 
most urgent need of restoration of 
telephone service. 
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Michael Goddard 


The New International 
Telecommunication Union 


The International 
Telecommunication 
Union (ITU) is the pre¬ 
eminent international 
body in the world of 
telecommunications. It 
has broad responsibilities 
for'the development of 
telecommunications, 
including harmonisation 
and standardisation, and 
for coordinating the use 
of the radio-frequency 
spectrum. Following an 
ITU conference in 1992 , 
the organisation has 
undergone many changes 
in its structure and 
working methods, 
resulting in the abolition 
of many familiar terms. 
This article describes the 
background to the 
changes and the new 
arrangements. 


Introduction 


The International Tblecommunication 
Union (ITU) is the oldest specialised 
agency of the United Nations and 
plays a key role in the global develop¬ 
ment of telecommunications. The 
history of the ITU goes back to the 
International Tblegraph Union, which 
was founded in 1865, before the 
invention of the telephone and well 
before the exploitation of radio 
transmissions. 

The purposes of the Union are laid 
down formally in the ITU’s Constitu¬ 
tion. They refer in general to the 
maintenance of international coopera¬ 
tion between all members for the 
improvement and rational use of 
telecommunications of all kinds. (It 
should be noted that in the context of 
the ITU the definition of telecommu¬ 
nication is extremely wide. It reads 
‘any transmission, emission or 
reception of signs, signals, writing, 
images and sounds or intelligence of 
any nature by wire, radio, optical or 
other electromagnetic systems.’ Thus, 
in addition to traditional telecommu¬ 
nications networks, the ITU covers 
broadcasting, satellite communica¬ 
tions, radio navigation, amateur 
radio, radio astronomy etc.) One of 
the key defined purposes of the Union 
is ‘to promote the development of 
technical facilities and their most 
efficient operation with a view to 
improving the efficiency of telecom¬ 
munication services, increasing their 
usefulness and making them, so far 
as possible, generally available to the 
public.’ 

The specific functions of the Union 
include the following: 

• the allocation of frequency bands, 

the allotment of radio frequencies 


and registration of frequency 
assignments and any associated 
orbital positions in order to avoid 
harmful interference between 
radio stations in different coun¬ 
tries; 

• to coordinate efforts to eliminate 
harmful interference between 
radio systems of different coun¬ 
tries and to improve the use made 
of the radio-frequency spectrum 
and the geostationary satellite 
orbit; 

• to facilitate the worldwide stand¬ 
ardization of telecommunications, 
with a satisfactory quality of 
service; 

• to foster international cooperation 
in the delivery of technical 
assistance to the developing 
countries; 

• to coordinate efforts to harmonise 
the development of telecommuni¬ 
cations, notably those using space 
techniques, with a view to full 
advantage being taken to their 
possibilities; 

• to foster collaboration among 
members with a view to the 
establishment of rates (that is, 
accounting rates for telecommuni¬ 
cations traffic) with levels as low 
as possible consistent with an 
efficient service; 

• to promote the adoption of meas¬ 
ures for ensuring the safety of life 
through telecommunication 
services; 

• to undertake studies, make 
regulations, adopt resolutions, 
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the ITU recognised that its working methods would have to 
be changed to respond to the rapidly changing international 
telecommunications environment. 


formulate recommendations and 
opinions, and collect and publish 
information concerning telecom¬ 
munication matters; 

• to promote the establishment of 
preferential and favourable lines 
of credit to be used for the develop¬ 
ment of social projects aimed at 
extending telecommunication 
services to the most isolated areas 
in countries. 

From the above, it can be seen 
that the ITU has a substantial and 
fundamental role in the development 
of telecommunications of all kinds. 

The membership of the ITU 
comprises the governments of the 
member countries, which now total 
over 180. Traditionally, the govern¬ 
ments have been represented in 
most cases by the Ministry of Posts 
and Telecommunications (or its 
equivalent) of the member states. 
Following the separation of regulator 
and operator function in many 
countries, the government’s regula¬ 
tory body for telecommunications 
and radiocommunications maintains 
the formal ITU membership and is 
known as the administration. In the 
UK, this responsibility is carried by 
the Department of Trade and 
Industry, with the Telecommunica¬ 
tions and Posts Division taking the 
lead and covering telecommunica¬ 
tions issues in general. The 
Radiocommunications Agency (an 
Executive Agency of the DTI) leads 
in the radio activities of the ITU as 
well as playing an increasing part in 
general ITU matters. The major UK 
telecommunications operators, 
including specifically BT, play a 
major role in the preparation of UK 
policy towards the ITU, by partici¬ 
pating in many conferences and 
meetings of the ITU, and by contrib¬ 
uting financially to the Union. 

The structure of the ITU has 
remained basically the same from 
1947 until very recently. However, the 
ITU has now undergone a fundamen¬ 
tal restructuring which, among other 
things, has swept away many of the 


traditional and familiar terms such 
as the CCITT (The International 
Tblegraph and Tfelephone Consulta¬ 
tive Committee) the CCIR (The 
International Radio Consultative 
Committee) and the IFRB (The 
International Frequency Registration 
Board). The background to these 
changes is described below together 
with a detailed account of the new 
ITU structure. 

Background to the 
Changes 

mmmmmmmmmmmmmmmmmsBBamaamm 

The mechanism for bringing about 
major changes of policy in the ITU is 
the ITU’s Plenipotentiary Confer¬ 
ence. Such conferences have been 
held at intervals of 5 to 7 years in 
the past. One of their duties had 
been to review the ITU’s structure 
and working methods. These were 
defined in the ITU’s Convention and 
it was one of the functions of the 
Plenipotentiary Conference at each 
meeting to revise and update the 
Convention as necessary. At the 
Plenipotentiary Conference held in 
Nice in 1989, the ITU recognised 
that its working methods would have 
to be changed to respond to the 
rapidly changing international 
telecommunications environment. 
This new environment was charac¬ 
terised by the increasing role of non¬ 
government players in 
telecommunications, following the 
separation of the regulator and 
operator function in many countries, 
the introduction of competition 
between operators, the convergence 
of information technology and 
telecommunications and the increas¬ 
ing integration of different forms of 
telecommunications into common 
networks. There was also a major 
concern about the efficiency and 
effectiveness of the ITU to cope with 
an ever-increasing complexity of 
workload coupled with very severe 
budgetary constraints on the 
finances of the Union. 

lb tackle this problem, the Nice 
Plenipotentiary Conference estab¬ 
lished a High Level Committee (HLC) 


to review the organisation and 
structure of the ITU. The United 
Kingdom’s member of the HLC was 
Mr Michael Morris, previously of BT. 
The HLC produced a report entitled 
‘Tbmorrow’s ITU: The Challenge of 
Change’. This contained many 
recommendations for the restructur¬ 
ing of the Union and for improving 
the effectiveness of the organisation. 
A drafting committee of the HLC 
subsequently produced proposals for 
revised texts for the ITU’s Constitu¬ 
tion and Convention incorporating 
the recommendations made by the 
HLC. 

In order to consider these develop¬ 
ments, the ITU held an Additional 
Plenipotentiary Conference in 1992 
(APP-92). This conference generally 
accepted the recommendations of the 
HLC and to a large extent adopted 
the draft text of the Constitution and 
Convention prepared by the drafting 
group. The new Constitution and 
Convention enter into force on 1 July 
1994, but the new structure of the 
ITU and the new working methods 
were implemented on a provisional 
basis from 1 March 1993. 

New Structure of the ITU 


The activities of the ITU have been 
reorganised into a federal structure 
consisting of three sectors: The 
Telecommunication Standardization 
Sector, The Radiocommunication 
Sector and The Telecommunication 
Development Sector. The Telecommu¬ 
nication Standardization Sector takes 
over the work of the CCITT, together 
with some further standardization 
work transferred from the CCIR. The 
Radiocommunication Sector combines 
the activities of what used to be 
known as World Administrative Radio 
Conferences, with the CCIR, and the 
International Frequency Registration 
Board including its Secretariat. The 
Telecommunication Development 
Sector combines the activities of the 
previous Bureau of Telecommunica¬ 
tions Development (BTD) and Centre 
for Telecommunications Development 
(CTD). These changes are shown in 
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Figure 1—ITU changes 


OLD 


NEW 


Figure 1 and the new overall struc¬ 
ture of the ITU shown in Figure 2. 

There will continue to be Plenipo¬ 
tentiary Conferences but in future 
these will be held at regular 4 yearly 
intervals. The next Plenipotentiary 
Conference will be held in Kyoto, 
Japan, in September/October 1994. 
The pattern of holding conferences at 
regular intervals is extended 
throughout the new ITU structure. 

In order to provide day-to-day 
management oversight of the ITU, 
the Union has in the past had an 
Administrative Council the member¬ 
ship of which comprises about one 
quarter of the members of the Union. 
This arrangement will continue 
under the new structure but with the 
title now simply being the ITU 
Council. One feature of the new ITU 
will be a greater emphasis on longer- 
term strategic planning and there are 
already signs of the Council taking a 
greater role in this activity than 
previously carried out by the Admin¬ 
istrative Council. The UK was for 
many years a member of the Council 
until it lost its seat in 1989. The UK 
will be seeking election at the 
Plenipotentiary Conference in 1994. 

The ITU has a substantial secre¬ 
tariat in its Geneva Headquarters 
(Figure 3) headed by a Secretary 
General who is assisted by a Deputy 

Figure 3—The ITU Tower in Geneva 




Figure 2—The new ITU structure 
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Secretary General. Under the new 
structure, which is shown in Figure 4, 
each of the three sectors has a 
corresponding Bureau in the ITU 
Headquarters in Geneva. Each 


Bureau is headed by a Director. At 
the APP-92, arrangements were made 
for the then Director of the CCITT 
(Mr Irmer of Germany) to act as the 
Director of the 'Iblecommunication 


Figure 4—The ITU headquarters organisation 
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Table 1 ITU-T Study Groups 

1 Service Definition 

2 Network Operation 

3 Tariff and Accounting Principles 

4 Network Maintenance 

5 Protection against Electromagnetic Environment Effects 

6 Outside Plant 

7 Data Networks and Open System Communications 

8 Terminals for Telematic Services 

9 Television and Sound Transmission (former CMTT) 

10 Languages for Telecommunication Applications 

11 Switching and Signalling 

12 End-to-end Transmission Performance of Networks and Terminals 

13 General Network Aspects 

14 Modems and Transmission Techniques for Data, Telegraph and Telematic 

Services 

15 Transmission Systems and Equipment 


Standardization Bureau. Similarly 
Mr Kirby (United States), who was 
the Director of the CCIR, has taken 
on the role of Director of the Radio¬ 
communication Bureau. A new 
Director was elected for the Telecom¬ 
munication Development Bureau— 
Mr Djiwatampu of Indonesia. All 
three posts, together with those of 
Secretary General and Deputy 
Secretary General, will be subject to 
re-election in the Kyoto Plenipotenti¬ 
ary Conference of 1994. 

The following sections describe 
each of the three sectors in turn. 

The Telecommunication 
Standardization Sector 

The functions of the Tblecommunica- 
tion Standardization Sector are to 
fulfil the purposes of the Union T)y 
studying technical, operating and 
tariff questions and adopting recom¬ 
mendations on them with a view to 
standardizing telecommunications on 
a worldwide basis’. The Sector works 
through the World Telecommunica¬ 
tion Standardization Conference 
(WTSC) and Tblecommunication 
Standardization Study Groups. These 
relate directly to the previous CCITT 
Plenary Assembly and the CCITT 
study groups respectively. The 
abbreviation generally used for the 
Tblecommunication Standardization 
Sector is ITU-T. 

Following the decisions of the 
APP-92, WTSCs are to be held every 
4 years, lb show the commitment to 
the new ITU structure, even though 
the new arrangements would not 
come into effect even on an interim 
basis until March 1993, the APP 
decided that the 10th CCITT Plenary 
Assembly, which had been due in 
1992, should become the first WTSC. 
This took place in Helsinki, Finland, 
in early 1993. 

In addition to a review of working 
methods and the work programme for 
the study groups, the WTSC reviewed 
the study group structure and 
numbering. The current list of ITU-T 
study groups is shown in Table 1. In 
addition, the WTSC established five 


joint coordination groups (JCGs) to 
coordinate the activities of the 
relevant study groups in particular 
areas of work. The JCGs cover: 

• Universal Personal Telecommuni¬ 
cations, 

• Audio-Visual/Multi-Media Services, 

• Telecommunications Management 
Network, 

• Quality of Service and Network 
Performance, and 

• Broadband ISDN. 

At the APP-92, considerable time 
was spent debating the distribution of 
work between the ITU-T and the 
Radiocommunication Sector (ITU-R). 
Increasingly, radio is being used for 
telecommunication services to provide 
a part, in some cases a major part, of 
the network. One school of thought 
was to place all standardization 
issues within ITU-T including, for 
example, broadcasting studio stand¬ 
ards, leaving the ITU-R to deal only 
with matters relating directly to 
spectrum management and utilisa¬ 
tion. Others wanted the minimum 
change to the previous distribution of 
work between the CCITT and CCIR. 

A pragmatic solution was adopted 
which agreed in principle to the 


transfer of a modest amount of work 
to ITU-T from the outset, and 
ensured that the situation will be 
kept under review. The complex task 
of implementing this decision in 
respect of the vast range of subjects 
under consideration in the two 
sectors was pursued after the APP. 

The UK played a leading role in 
this process. The WTSC in 1993 
endorsed the initial allocation of work 
and adopted the concept of inter¬ 
sector coordination groups (ICGs) to 
ensure that the related work of the 
two sectors would continue to be 
coordinated with the minimum of 
duplication. Subsequent agreement 
led to the creation of two ICGs on: 

• ISDN and Satellites, and 

• FPLMTS (Future Public Land 

Mobile Tblecommunication Systems). 

The WTSC also established a 
Tblecommunication Standardization 
Advisory Group (TSAG) which advises 
the Director of the Tblecommunication 
Standardization Bureau on working 
methods, work programme and 
strategic planning for the sector. Joint 
meetings of the TSAG with the 
corresponding Radiocommunication 
Advisory Group (RAG) provide a 
further mechanism for ongoing 
monitoring and review of the distribu¬ 
tion of work between the two sectors. 
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The output of ITU-T is in the form 
of Recommendations and Reports, as 
was the case with the CCITT. The 
WTSC does not have treaty-making 
authority. There is provision in the 
ITU Constitution for convening World 
Conferences on International Tble- 
communications (WCIT), which have 
the power to revise the International 
Telecommunication Regulations, and 
these conferences will replace the 
World Administrative Telephone and 
Tblegraph Conferences, the last of 
which was held in Melbourne, 
Australia, in 1988. However, these 
conferences fall outside of the 
Telecommunication Standardization 
Sector and no provision is made for 
such conferences to be held on a 
regular basis. There are no plans at 
present to hold a WCIT. 

The Radiocommunication 
Sector 

The functions of the Radiocommuni¬ 
cation Sector are to fulfil the purposes 
of the Union relating to 
radiocommunications by: 

• ensuring the rational, equitable, 
efficient and economical use of the 
radio-frequency spectrum by all 
radiocommunication services, 
including those using the 
geostationary satellite orbit, and 

• carrying out studies without limit 
of frequency range and adopting 
recommendations on radiocommu¬ 
nication matters. 

The structure of the sector is more 
complex than that for ITU-T. Begin¬ 
ning with the similarities, the ITU-R 
has Radiocommunication Assemblies 
which have very similar responsibili¬ 
ties to World Telecommunication 
Standardization Conferences. The first 
Radiocommunication Assembly was 
held in 1993 and it undertook a 
comprehensive review of working 
methods, work programme and study- 
group structure. The resulting new 
ITU-R study-group structure is shown 
in Table 2. The Radiocommunication 


Table 2 ITU-R Study Groups 

1 Spectrum Management 

2 Inter-Service Sharing and Compatibility (previously Study Group 12) 

3 Radio Wave Propagation 

4 Fixed-Satellite Service 

7 Science Services 

8 Mobile, Radiodetermination, Amateur and Related Satellite Services 

9 Fixed Service 

10 Broadcasting Service—Sound 

11 Broadcasting Service—Television 

Note: There is no Study Group 5 or 6 in the new structure. The previous Study Groups 5 and 
6 have been merged into the new Study Group 3 and the old numbers left unused to avoid 
confusion. 


Assembly established the Radiocom¬ 
munication Advisory Group (RAG), 
which is chaired by the author. The 
ITU-R does not have the need for joint 
coordination groups. The first meeting 
of the RAG was held in April 1994 and 
at an associated joint meeting with 
TSAG, further refinements to the 
distribution of work between the two 
sectors were agreed. As a result, a 
block of outstanding work relating to 
the interconnection of veiy small 
aperture terminals (VSATb) in the 
fixed satellite service to the public 
switched network will be transferred 
from ITU-R to ITU-T. 

The Radiocommunication 
Assembly differs from the WTSC in 
respect of its support for World 
Radiocommunication Conferences 
(see below). Because such confer¬ 
ences are to be held every two 
years, Radiocommunication Assem¬ 
blies will be held at the same 
interval; that is, twice as frequently 
as World Telecommunication 
Standardization Conferences. 

A major difference between the 
Radiocommunication and Tfelecommu- 
nication Standardization Sectors is that 
the former holds regular treaty-making 
conferences known as World Radiocom¬ 
munication Conferences. These replace 
the previous World Administrative 
Radio Conferences (WARCs) but have 
the same authority to revise the 
international Radio Regulations. 
Previously WARCs were held at 
irregular intervals, often with little 
indication as to when the next would be 


held. This made it difficult to plan 
changes in the Radio Regulations, for 
example the introduction of new 
frequency allocations, over a number of 
years. It also encouraged each confer¬ 
ence to deal with a very large number 
of items simply because no-one knew 
when the next opportunity would be to 
address the issues. Under the new 
arrangements, WRCs will be held on a 
regular basis eveiy two years. As 
mentioned above, there is a linkage 
between WRCs and the Radiocommuni- 
cation Assemblies and so the APP-92 
decided to hold the two events ‘associ¬ 
ated in place and time’. In 1993, both 
events were held in Geneva, with the 
Radiocommunication Assembly taking 
place first and slightly overlapping the 
WRC. The next Radiocommunication 
Assembly and WRC will be held in 
1995, probably in Geneva and with the 
Radiocommunication Assembly 
preceding the conference but with no 
overlap. 

So far, only one WRC has been 
held, that of November 1993. Under 
the new arrangements, each WRC 
will make proposals for the agenda 
for the following WRC and proposals 
for the provisional agenda for the 
following conference. These proposed 
agendas will be subject to ratification 
by the ITU Council. The 1993 WRC 
was limited in scope in that it had no 
authority to change the Radio 
Regulations but was merely asked to 
prepare the agenda for WRC 95 and 
the provisional agenda for WRC 97. 
The agenda for WRC 95 will concen- 
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trate on consideration of a report 
from a Voluntary Group of Experts 
which has been developing proposals 
for a major simplification of the Radio 
Regulations. Other items for 1995 
include a review of the technical 
criteria for accommodating mobile 
satellite services in the spectrum and 
initial preparations on a number of 
issues with a view to substantive 
action at WRC 97. The latter subjects 
include a possible revision of the 
frequency plan for satellite broadcast¬ 
ing in the 12 GHz band. 

A further unique element in the 
Radiocommunication Sector is the 
responsibility for the international 
notification, coordination and 
registration of radio-frequency 
assignments in accordance with the 
procedures laid down in the Radio 
Regulations. Previously this function 
was carried out by the International 
Frequency Registration Board 
(IFRB), which consisted of five 
elected full-time members, supported 
by a secretariat. In the new ITU 
structure, the routine responsibili¬ 
ties of the IFRB have been trans¬ 
ferred to the Radiocommunication 
Bureau and, in particular, the 
Director of that Bureau. However, to 
maintain a degree of independent 
oversight of the process, to approve 
the Rules of Procedure used in the 
application of the Radio Regulations 
and to deal with any disputes 
regarding the application of those 
Rules of Procedure, the APP decided 
to establish a part-time Radio 
Regulations Board (RRB). This 
board will have nine part-time 
members. At present the duties of 
the RRB are being carried out by the 
IFRB members; the new part-time 
members will be elected at the 
Plenipotentiary Conference in the 
Autumn of 1994. 

The Telecommunication 
Development Sector 

The functions of the 'Ifelecommunica- 
tion Development Sector are to fulfil 
the purposes of the Union and ‘to 
discharge within its specific field of 


competence, the Union's dual responsi¬ 
bility as a United Nations specialised 
agency and executing agency for 
implementing projects under the 
United Nations development system 
or other funding arrangements so as to 
facilitate and enhance telecommunica¬ 
tions development by offering, organis¬ 
ing and coordinating technical 
cooperation and assistance activities’. 
The structure of the Telecommunica¬ 
tion Development Sector is very 
similar to that of the Telecommunica¬ 
tion Standardization Sector. The sector 
works through World Telecommunica¬ 
tion Development Conferences, 
Telecommunication Development 
Study Groups and the Telecommunica¬ 
tion Development Bureau headed by 
the elected director. World Telecommu¬ 
nication Development Conferences 
(WTDCs) are to be held every four 
years. However, unlike ITU-T, the 
Development Sector (ITU-D) has 
provision for regional telecommunica¬ 
tion development conferences. 

A number of regional telecommu¬ 
nication development conferences 
have been held already and the first 
World Telecommunication Develop¬ 
ment Conference was held in Buenos 
Aires in March 1994. There had been 
no previous event of this type. 

WTDCs act as a forum for the 
discussion and consideration of 
topics, projects and programmes 
relevant to telecommunication 
development and for the provision of 
direction and guidance to the Ibl- 
ecommunication Development 
Bureau. The Buenos Aires WTDC 
made an important start to this 
process by setting out a programme of 
future action encapsulated in the 
‘Buenos Aires Declaration on Global 
Telecommunication Development for 
21st Century’. The conference 
produced 11 resolutions and two 
recommendations and agreed to 
establish two study groups, the first 
specifically on the subject of telecom¬ 
munication development. 

Again, it should be noted that 
although the WTDC made significant 
progress in determining future 
policies for telecommunication 


development, the conference itself 
had no treaty-making powers. Any 
decisions requiring the formal 
commitment of governments, for 
example on the distribution of 
funding between the sectors, will 
need to be taken to the Plenipotenti¬ 
ary Conference. 

The advisory body for ITU-D 
corresponding to TSAG and RAG is the 
Telecommunication Development 
Advisory Board (TDAB). Although 
TDAB has similar duties to TSAG and 
RAG, as its name suggests it has a 
slightly different status and composi¬ 
tion. Firstly, the requirement to 
establish the TDAB is built into the 
ITU Convention (as opposed to being 
covered by a Resolution of the APP as 
in the case in TSAG and RAG), and 
secondly the members of TDAB are 
appointed by the Director of the Bureau 
(although the membership is likely to 
be reviewed at the 1994 Plenipotenti¬ 
ary Conference). In contrast, participa¬ 
tion in TSAG and RAG is open to all 
administrations and other participants 
in the work of the relevant sector. At 
the WTDC in Buenos Aires earlier this 
year, emphasis was placed on the need 
for cooperation between all three 
sectors of the ITU and it was recom¬ 
mended that joint meetings be held 
between the three sector advisory 
groups and board, together with the 
World Telecommunication Advisory 
Council (the senior advisory group 
covering the whole ITU). 

Conclusions 

The ITU has faced up to the challenge 
of the new telecommunications 
environment by reorganising its 
working methods and structure. The 
new arrangements have only recently 
been put in place and it is perhaps too 
early to say whether they will have a 
dramatic impact on the ITU. How¬ 
ever, the early signs are that the ITU 
is well placed to respond to the new 
challenges; there is greater concen¬ 
tration on the need for cost-effective 
coordination, harmonisation and 
standardization, and there are very 
encouraging signs that the ITU is, 
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perhaps for the first time in its long 
history, taking a serious look at long¬ 
term strategic planning. The struc¬ 
ture and mechanisms are in place; it 
is now up to the membership and 
other participants, whether from 
governments, operators, manufactur¬ 
ers or international organisations, to 
build on that foundation and main¬ 
tain the pre-eminence of the ITU in 
global telecommunications. 
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BT news 


Concert Comes to the 
Global Stage 

In June, BT and MCI unveiled 
Concert, their $1 billion joint venture 
company offering multinational 
companies global communications 
services from a single source, follow¬ 
ing clearance from the US Depart¬ 
ment of Justice. 

Concert is the first company to 
provide such a service. It will put in 
place the world’s most far-reaching 
advanced network, linking more than 
5000 business customer access points 
in 55 countries by the spring of 1995. 
Syncordia, the premier global 
network outsourcing capability, will 
be merged into the new company. 

Concert has established five global 
customer support centres. Located in 
Pans, London, Sydney, Ibkyo and 
Cary (North Carolina), these centres 
currently manage the traffic of a 
number of BTs and MCI’s largest 
multinational accounts. The centres 
provide uniform service, regardless of 
location, as well as a single point of 
contact for all enquiries and end-to- 
end problem ownership. They also 
offer multilingual customer support 
available 24 hours a day, seven days a 
week and multilingual, multi-currency 
support for billing. The Pans centre, 
for example, will accommodate 
customer queries in 15 European 
languages and dialects. 

Concert brings together the 
complementary technical and market¬ 
ing skills of two recognised power¬ 
houses in telecommunications and 
information technology. With Concert, 
MCI and BT become a leading force in 
tearing down international banders 
and establishing new benchmarks for 
excellence in worldwide telecommuni¬ 
cations. Until now, multinational 
customers have waded through 
multiple correspondent networks, with 
varying levels of performance and 
service. Concert will develop products, 
services and applications delivered 
across a single network platform to 
meet the needs of multinational 
customers around the world. 

The company, with the combined 
local-market presence and global 
reach of its parents, will enjoy the 
economies of scale necessary to 


provide its distributors, BT and MCI, 
with the ability to set a new standard 
in the international communications 
marketplace. Concert’s ‘best-of-breed’ 
product portfolio of advanced value- 
added networking products and 
services initially includes: 

• Concert Global Virtual Network 
Services —uniform enhanced 
features for virtual private voice, 
switched data and conferencing; 

• Concert Global Managed Data 
Services —low- and high-speed 
packet switched and frame relay 
services; pre-provisioned, managed 
and flexible bandwidth services; 

• Concert Global Application 
Services —advanced messaging, 
electronic data interchange (EDI) 
and audio/videoconferencing; 

• Concert Global Customer Manage¬ 
ment Services —event and 
configuration management, 
troubleshooting and reporting, 
network performance analysis 
tools; and management, design, 
planning and security. Concert 
outsourcing services include 
facilities management and full 
enterprise network management 
under the Syncordia outsourcing 
services brand. 

Both distributors are responsible 
for customer interface, front-line 
customer service and invoicing. They 
also continue to handle correspondent 
products and relationships. In turn, 
Concert provides its distributors with: 

• a state-of-the-art global network; 

• definition and development of end- 
to-end global products and 
management services; 

% market research; 

• technical design and implementa¬ 
tion support; 

© common architecture and systems 
for customer service; and 

® an integrated billing system. 


BT to Offer Internet 
Services 


BT has announced that it is to offer 
the widest possible range of direct 
connections to Internet — the world’s 
largest and fastest-growing data 
network. Starting this autumn, BT 
will offer everything from dial-up to 
high-speed broadband access to 
Internet, a cooperative of more than 
10 000 autonomous organisations. 

The connections to Internet will be 
introduced in phases, starting with a 
service aimed at UK-based customers 
who have existing corporate networks. 
Access methods that can be used are 
the public network, X.25, ISDN, 
private circuits, switched multi¬ 
megabit data services (SMDS) and 
frame relay. BT will offer corporate 
customers in mainland Europe access 
via frame relay and X.25. This will be 
followed by a service aimed at more 
occasional users, delivering dial-up 
services via a modem. BTs software 
will be suitable for the PC and Apple 
operating environments. BT will also 
be introducing a transit service for 
large academic networks and commer¬ 
cial Internet service providers. 

Tb allow users to take maximum 
advantage of Internet, BT will be 
providing enhanced services such as 
E-mail and a navigation product to 
enable easy access to Internet services. 
Future products from BT will include a 
range of on-line services. In addition, BT 
will provide domain name system 
(DNS); file transfer protocol (FTP), 
which allows customers to connect to 
another computer and transfer, copy and 
list files on a directory; and Usenet 
news, a network of conference and 
interest groups. 

For all access methods, BT will 
offer 24 hour, 365 day maintenance 
and support, and can provide all the 
necessary equipment for an end-to- 
end service, including the provision of 
on-site routers from Cisco, modems 
and software. 

BT and Microsoft Alliance 
Links Workgroups 

A computer package which creates a 
local area network (LAN), allowing 
‘global’ communications, has been 
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launched by BT and Microsoft. The 
package, ISDN for Workgroups, is the 
result of collaboration between BT 
and Microsoft, as well as German 
company Alcotec, which developed 
and supplied the software interface. 

In place of costly traditional LANs 
to link personal computers (PCs), the 
new system uses ISDN lines to allow 
PCs to be located anywhere in the 
world where there is access to ISDN. 
BT and Microsoft believe that ISDN 
for Workgroups will revolutionise the 
concept of teleworking and working 
from home by allowing users to access 
the office network in just the same 
way as their colleagues on site. 
Businesses operating across more 
than one site can use the system to 
link separate LANs and, for a fraction 
of the price, create the effect of an 
expensive wide area network. 

Microsoft’s Windows for 
Workgroups software creates a 
‘workgroup’ by interconnecting any 
number of PCs and allows them to 
share resources. Through BT’s ISDN, 
a PC can be located anywhere and 
remain connected to the workgroup. 
For example, a contractor working at 
a remote site linked to ISDN could 
take along a PC and have direct 
access to the office network. 

if Launches Network 
Birecfiory Disc 

Any company that has a local area 
network (LAN) can now have access, 
from a single CD, to over 17 million 
telephone listings found in BT Phone 
Books, following the launch of 
Network Phone Disc™. 

By loading Network Phone Disc 
onto a LAN, the user is provided with 
a readily-accessible means of finding 
telephone numbers from any PC 
throughout an organisation. Unlike 
the standard Phone Disc, the new 
system operates over a LAN, enabling 
users to increase the functionality of 
their existing network by making 
available key business resources 
company-wide. 

When using a conventional phone 
book the customer’s location details 
are required before searching for an 
entry, whereas with Phone Disc, a 
user can search the entire UK armed 


with just the name or first three 
characters of a name. For example, if 
a user enters a company name, all of 
that company’s locations throughout 
the UK will be shown, normally 
within 10 seconds. 

As the system can run over the 
majority of DOS computer networks 
including Novell, LanManager and 
Workgroups for Windows, many 
companies with CD-ROM facilities 
will already have the LAN necessary 
to run Network Phone Disc. Custom¬ 
ers need not incur the cost of invest¬ 
ing in new hardware or software. 

One of BT’s first customers for 
Network Phone Disc is BBC Radio 
which is using the networked service 
to research radio projects throughout 
the UK. 

BT Announces Availability 
of Billing via EDI 


BT has announced the availability of 
electronic data interchange (EDI) 
billing for its BT OneBill customers. 
Called ED I*Bill, the service offers all 
customers who receive consolidated 
telephone bill information (OneBill) 
the option of being billed via EDI. 

EDPBill is presented in an easy- 
to-understand format which can be 
incorporated into financial planning 
systems. It gives customers a clear 
overview of network charges, without 
them having to consolidate or key-in 
copious volumes of data, and provides 
an invaluable insight into a compa¬ 
ny’s network usage. 

EDPBill is a strategic tool of value 
not only to the IT and communica¬ 
tions team, but also finance, accounts, 
bought ledger and other administra¬ 
tive functions. When the OneBill is 
due, it is sent automatically from 
BT’s computers to the customer’s 
electronic mailbox. 

For example, IBM, which helped 
in the trials of EDPBill, used to 
receive a total of 34 000 bills a year, 
which took 45 days to process. IBM 
now receives OneBill via EDI, 
which facilitates processing and 
enables an entire month’s data to be 
fed directly into the system in just 
30 seconds. 

Several market-leading organisa¬ 
tions took part in trials of the 


EDPBill service during its develop¬ 
ment. Most of these pilot customers 
realised savings ranging from 
£20 000 to £200 000 per year on bill 
processing alone. 

New Satellite Service for 
the Financial Community 

BT has launched a new shared 
satellite network service for the 
financial community. The new 
network, called FINESS (Financial 
European Satellite Service) is the 
first shared satellite communications 
service to enable the simultaneous 
broadcast of financial information in 
the form of both data and voice 
commentary to financial institutions 
•throughout Europe. 

FINESS is fully owned and managed 
by BT. As a leased service it offers users 
peace of mind and avoids the capital 
investment required when using some 
other networks. Network management 
is provided remotely from BT’s service 
management centre (SMC) in London, 
24 hours a day, 365 days a year. 

Tb use the new service, brokers 
and information providers transmit 
data and voice via terrestrial circuits 
to BT’s London Tfeleport. Signals from 
various sources are then multiplexed 
together and uplinked via an 11 m 
dish to the EUTELSATII flight 2 
satellite located at 10 degrees east. 

BT is initially offering the service 
at two data speeds of 9-6 kbit/s and 
19-2 kbit/s. Voice commentary is 
digitally compressed and will be 
transmitted at 9-6 kbit/s. 

The satellite transmits signals 
across a footprint extending from 
Iceland to North Africa and Ireland to 
Israel. Within this satellite footprint, 
dishes as small as 90 cm are typically 
installed at customers’ premises to 
receive the FINESS service (although 
local restrictions may apply). 

At the receive sites, each installa¬ 
tion will include a decoder, which is 
activated to receive designated 
services, remotely, by the SMC. 

Each site’s installation is pro¬ 
grammed to decode only the data that 
it is allowed to receive. This data is 
presented at the decoder interface as 
a standard RS232 signal. Voice 
circuits are passed through a digital- 
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to-analogue converter and then 
delivered to customers via their 
public address system. 

Satellite-based services are 
independent of local infrastructure 
and can therefore be installed in 
remote and developing regions. 

FINESS is more reliable than many 
other services, offering 99-9% availabil¬ 
ity and an error rate of 1 in 10 7 . The 
satellite capacity utilised is 
non-pre-emptible and restorable, 
enabling full recovery in the unlikely 
event of a transponder or satelbte 
breakdown. 

New sites can easily be added to the 
network and existing sites can readily 
be provided with further services via 
FINESS. These installations can be 
quickly authorised to receive new 
services, as BTs SMC can remotely 
programme the decoder to accept new 
signals. New financial service providers 
can also easily take advantage of the 
FINESS service by presenting their 
financial information to BTs London 
Tbleport for onward transmission to the 
established FINESS community. 

Woolwich Chooses BT 

In July, the Woolwich Building 
Society awarded BT the contract to 
develop and manage a new national 
communications network. Six 
hundred sites will be connected to the 
network, making the building society 
BT’s largest Global Network Services 
(GNS) frame relay customer at the 
time of the announcement. 

BTs solution provides the 
Woolwich with the benefits of a fully 
managed network which is both 
technologically flexible and cost- 
effective. In a 5 year contract, the first 
task is to interconnect the local area 
networks at each Woolwich branch, 
and all the subsidiary companies, to 
the society’s national data centre. 

A key factor in BTs successful 
tender was its ‘future-proofing 5 
capacity—the flexibility and adapt¬ 
ability of its managed network to 
deliver new technologies and services 
as they become required by the 
customer. The 1986 Building Societies 
Act has transformed the Woolwich’s 
business practices and broadened 
greatly the range of services offered. A 


traditional data network is unable to 
support all the new applications 
required, and with further expansion 
of services predicted, a costly replace¬ 
ment network could quickly become 
obsolete. By using BTs technology, 
the Woolwich can develop its national 
communications network to meet any 
future changes in its business 
practice with minimal capital 
investment. 

BT’s service for The Woolwich 
consists of a shared platform frame 
relay service and routers with 
managed ISDN 2 lines for added 
resilience. This provides full UK 
coverage with management, 
resilience and redundancy inherent 
in the network service package. 

The token ring LANs in each 
Woolwich branch will be connected to 
a Cisco router which in turn will be 
connected to the nearest GNS node 
for frame relay switch access. 

The frame relay path was selected 
for its immediate appropriateness in 
interconnecting the branch LANs and 
its capacity to adapt to emerging 
technologies such as asynchronous 
transfer mode (ATM), expected to 
break through in the retail finance 
sector over the next few years. 

Incorporating ISDN 2 lines 
represents the ultimate in network 
resilience to the Woolwich. The 
ISDN 2 lines provide a 64 kbit/s dial¬ 
up digital path direct to the hub 
routers if required. In addition, the 
ISDN lines offer the branches the 
bonus of a built-in traffic overflow 
facility and access to other services 
such as videoconferencing and voice. 

notes and 
comments 

Erratum 


In Keith William’s and Bryan Law’s 
article ‘ISDN Access Signalling’ 
published in the January 1994 issue of 
the Journal , additional reference 
should have been made to another 
article: ‘ISDN Signalling Standards’ by 
D. R. Davies, K. Baughan and T. Kent 
published in British Thlecom 'Ihchnol- 
ogy Journal, April 1986,4(2), p. 26. 
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Calling for Agreement 

OFTEL—The Office of Telecommuni¬ 
cations—has urged the UK telecom¬ 
munications industry to cooperate to 
ensure that customers get the 
maximum benefit from technological 
developments. 

After publication of a statement on 
customer interface standards for 
delivering calling line identification 
(CLI), Director General Don 
Cruickshank made it clear that he did 
not currently have the power to enforce 
a single standard for this service. 

Said Mr. Cruickshank: ‘the inter¬ 
ests of consumers must override the 
narrow interests of producers in areas 
where cooperation is required to 
provide services that customers want. 

‘I am actively investigating what 
action OFTEL can take, either on its 
own or with the DTI, to reduce 
potential customer confusion and the 
anti-competitive effects created by the 
production of a multiplicity of 
incompatible customer equipment.’ 

European IS Outsourcing 
Market to Double 


The European market for information 
systems (IS) outsourcing is expected 
to nearly double in four years, from 
an estimated $4-3 billion in 1993 to 
$8-3 billion in 1998. 

This forecast comes in a new report 
from international market research 
publishers Frost and Sullivan which 
has based its figures on growth 
expectations of suppliers and on the 
outsourcing activity planned by 
respondents to a major survey of 
customer attitudes and intentions. 

Fifteen national markets were 
covered in the study, which identifies 
the UK, France and Germany as the 
largest markets, each worth around $1 
billion. Spain and Italy are identified 
as the fastest-growing markets, with 
annual growth rates of 22 per cent and 
18 per cent respectively. 

In terms of services, the report 
reveals that the bulk of present 
activity lies in systems management, 
but faster growth is expected in 
applications management (20 per cent 
per annum) and network management 
(25 per cent per annum). 
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The largest current platform is 
found to be the data centre, but only 
modest annual growth of around 7 
per cent is expected in this sector, in 
contrast to forecast growth of 27 per 
cent for desktop systems and 21 per 
cent growth for networks. 

The Use and Provision of 
Satellite Communications 
Systems 

The Commission of the European 
Communities has adopted a Commu¬ 
nication concerning future regula¬ 
tory and policy actions required in 
the context of the provision of 
satellite communications capacity 
for broadcasting, telecommunica¬ 
tions and mobile/personal communi¬ 
cations through the launching and 
operation of satellite systems, as 
well as in the context of the access to 
the capacity of these satellites 
systems by the Union’s licensed 
providers of satellite-based business, 
video and mobile services. 

The provision of satellite capac¬ 
ity is currently dominated by the 
national telecommunications opera¬ 
tors through their involvement in the 
international satellite organisations 
INTELSAT, INMARSAT and 
EUTELSAT, and through their 
ownership in national satellite 
systems. Access to this capacity in 
Member States is largely controlled 
by the national telecommunications 
operators. This control is becoming a 
bottleneck which is critical to private 
satellite service operators which have 
to obtain satellite capacity as a 
essential facility in their business. 

Also, the increasingly competitive 
telecommunications environment is 
now becoming subject of detailed 
discussions in the international 
satellite organisations, set up under 
intergovernmental treaty. These 
organisations are seriously consider¬ 
ing fundamental changes and 
possibly privatisation. It is in the 
Community’s interest to come 
forward with a common position 
regarding further progress. 

The Communication thus sets out 
the Commission’s intended policies on 
what the future organisation of the 
space segment supply market and its 


access arrangements should be in 
the Union, how this can be realised, 
what arrangements are necessary, 
and which regulatory and policy 
actions are required from Member 
States and the Union. The aim is to 
ensure the competitiveness of 
European undertakings on the 
global satellite communications 
market. 

In the Communication, the 
Commission has outlined the main 
objectives and policy lines as follows: 

• ensuring throughout the European 
Union direct access to the space 
segment, including in particular 
space segment provided by the 
international satellite organisa¬ 
tions; 

• joint action by the Member States 
in the reform of the international 
satellite organisations and in 
particular EUTELSAT; 

• joint management in the future of 
the space segment as a common 
resource of the Union, in particu¬ 
lar concerning future applications 
to the International Telecommuni¬ 
cation Union for orbital positions 
and related coordination proce¬ 
dures and availability of radio 
frequencies; 

© the establishment of measures in 
order to ensure comparable and 
effective access to third countries, 
in parallel with the Union’s 
market liberalisation; and 

® inclusion of satellite-based 
services in programmes for 
transeuropean networks as a 
major priority, in particular, with 
regard to the emerging technolo¬ 
gies. 

New Alliance 

France Telecom, Deutsche Telekom 
and Sprint Corporation have an¬ 
nounced plans to form a global 
partnership designed to offer seam¬ 
less global telecommunications 
services to business, consumer and 
carrier markets worldwide. Services 
will include global international 


data, voice and video business 
services for multinational and large 
business customers, as well as 
small companies with international 
communications needs; interna¬ 
tional services for consumers, 
initially based on card services for 
travellers; and ‘carrier’s carrier’ 
services, providing international 
transport services for other carriers. 

Over time, the services will 
expand to address the changing 
dynamics of global, regional and 
national markets. The partnership 
plans to develop national networks to 
provide long-distance services in 
other countries. 

As part of the agreement, France 
Iblecom and Deutsche Tblekom will 
invest a total of approximately 
$4-2 billion in Sprint over two years, 
become shareholders ,of the company 
and hold a 20 per cent equity invest¬ 
ment in the company. 

The intention of the three partners 
is to combine planning for global 
network facilities allowed by regula¬ 
tion. They believe there are opportuni¬ 
ties to work together in other advanced 
markets and expect to sign a definitive 
agreement by the end of the year. 

Of y Agrees ‘V.fast’ 
Standard 

The International Tblecommunication 
Union has finally adopted the stand¬ 
ard for future high-speed modems. 

The adoption of the new standard 
will give the industry the go-ahead to 
offer new products using high- 
performance data transfer technology. 
Work on the drafting of the standard 
started some three years ago by 
Study Group 14 of the Iblecommu- 
nication Standardization Sector, 
ITU-T (formerly known as CCITT) 
and was known as Wfast’ by 
industry experts in its development 
stage. The standard, called V.34, will 
surpass the current technology used 
in data transfer via traditional 
telephone lines. 

V34 future modems will transfer 
data at twice the current technology. 
By increasing transmission speed, 
they will drastically cut down the 
time needed by computers and faxes 
and in turn lower user telephone 
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bills. These new modems will have 
variable data transmission capacity 
ranging from 2-4 kbit/s up to 
28-8 kbit/s. 

At the same meeting of Study 
Group 14, a new standard—Recom¬ 
mendation V18—which, for the first 
time, recognises the communication 
needs of the deaf and hard of hearing, 
was also approved. This Recommen¬ 
dation, with its capability to 
interwork with all existing devices, 
provides the platform on which a 
universal standard communication 
device can be built. 

OFTEL Calls for Improved 
Consumer Codes 

Don Cruickshank, Director General of 
Tfelecommunications has called for 
major improvements in the Consumer 
Codes of Practice published by the 
network operators. The Director 
General said he expected to see new 
Codes from BT, Mercury, Kingston 
Communications and other operators 
to ensure that the new Codes contain 
the information customers need. 

Don Cruickshank commented: 
‘With the increasing number of 
operators to choose from, it is 
essential that every operator 
provides a clear guide to what 
customers can expect in terms of 
standards of service and getting 
problems resolved. The Consumer 
Codes of Practice—required under 
each operator’s licence—are de¬ 
signed to do this job. I am looking for 
the new Codes to be easier to read 
and understand and to include more 
information on important issues 
such as disconnections and fault 
repair. 

‘As part of our drive to improve the 
Codes, OFTEL, has produced a ‘good 
practice guide’ to help operators focus 
on customers’ interests. We see these 
Codes as public statements of the 
operators’ commitment to their 
customers.’ 

Global Telephone Trial 

Sueeess 

Field trials conducted by INMARSAT 
in Ipswich using two specially- 
equipped aircraft have demonstrated 


that the INMARSAT-P global hand¬ 
held telephone can automatically 
select the best quality link among the 
two or more satellites visible in the 
sky. 

The design of the INMARSAT-P 
system, which uses an intermediate 
circular orbit of 10-12 satellites, 
makes it possible for at least two of 
the satellites to be accessible at any 
one time. If a link is disrupted by 
shadowing, from trees or buildings for 
example, electronics within the 
telephone handset which combine the 
signals from all the available satel¬ 
lites automatically select the best 
satellite link. 

The trials were conducted in 
outdoor urban and rural environ¬ 
ments as well as inside buildings, to 
test as many conditions which might 
obstruct a telephone call as possible. 
BBC newscasts were transmitted 
from the two aircraft to simulate the 
transmission of telephone calls. 

INMARSAT-P is one of a family of 
personal mobile satellite communica¬ 
tions services being developed 
between now and the turn of the 21st 
century under an initiative known as 
Project 21. 

Call for IT Standards in EU 

The Bangemann group of IT industri¬ 
alists have said that EU-wide stand¬ 
ards were imperative for the 
development of Europe’s information 
highways. Europe did not lack an IT 
infrastructure, but national networks 
were often incompatible. 

The 19-member committee was set 
up by the Commission earlier this 
year to advise before Corfu on the 
development of the IT highways 
outlined in the EC’s White Paper on 
growth. The group also attacked 
national telecommunications 
monopolies saying that they should 
be the exception and not the rule. 

The industrialists recommended: 
the removal of political and budgetary 
restraints on telecommunications 
operators expanding commercially; the 
creation of an EU-regulatory body; a 
review of EU standardisation proce¬ 
dures; the reduction of tariffs; and the 
creation of a regulatory framework for 
satellite communications. 


Proposed Rule Change 

The following Rule change has been 
formally advised to Members via theft 
Local Centre Secretary, in accordance 
with Rule 45, which states that the 
Rule shall apply from the end of the 
month following the month in which 
the proposed change is advertised, 
unless not less than 2% of the mem¬ 
bership demand that the proposal be 
put to a ballot of all Members. 

The proposed new Rule redefines 
the conditions for retired member¬ 
ship, and is intended to encourage 
more Members to take up the 
opportunity of retaining their links 
with IBTE, while enabling IBTE to 
control costs more effectively. 

The new Rule will read as 
follows: 

16 Any Member retiring or retired 
from BT or its subsidiaries, who 
wishes to become a Life Member of 
IBTE, and will not be undertaking 
responsible work in the field of 
telecommunications, will be able to do 
so at no cost. This Member will 
continue to enjoy the privileges of 
membership, including attendance at 
open meetings of a Centre of his/her 
choice, but with the exception that he/ 
she will not be eligible to receive the 
Journal except by payment at the BT 
employee rate or such sum as shall be 
determined by Council as appropriate 
having regard to the costs of produc¬ 
tion of said Journal. 

(a) All existing commuted Life 
Members as at 1 September 1994 
shall be entitled to receive the same 
benefits, including regular mailings 
of Newsview, and, in line with 
previous entitlements, will be invited 
to take up one of three options: 

—to continue as a Life Member, but 
elect not to receive the Journal ; 

—to continue as a Life Member, and 
to receive the Journal at no cost; or 
—to recognise that they have already 
received full value for their one-off 
commuted payment, and to elect to 
make a voluntary payment for the 
Journal at the BT employee rate or 
such lower sum as Council deems 
appropriate. 
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